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This military technical training course has been selected and adapted by 
The Center for Vocational Education for "Trial Implementation of a Model System 
to Provide Military Curriculum Materials for Use in Vocational and Technical 
Education," a project sponsored by the Bureau of Occupational and Adult Education 
U.S. Department of Health, Education, and Welfare. 



MILITARY CJRRICULUM MATERIALS 



The nulitary-deve loped curriculuin materials in this ooarse 
package were selected by the National Center for Research in 
Vocational Education Military CXi.Ticulum Project for dissem- 
ination to the SIX regional Cumcul'im Coorduiation Centers and 
other instructional materials agencies. The purpose of 
disseminating tiiese courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

The course rraterials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the ralitary 
were deleted, copyrighted materials were either omitted or appro- 
val for their use was obtained. These course packages contain 
curriculum resource materials which can oe adapted to support 
vocational instruction and curriculum developrent. 
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The Ndtionol Center for Research m 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, <}nd progression The National 
Center fulfills its mission by 

• Generating knowledge through research 

• Developing educational programs and 
prod ucts 

• Evaluating individual program needs 
and outcomps 

• Installing educational programs and 
products 

• Oppratinq informution systems and 
spfvices 

• Conriuctinq Iradership development and 
Traming programs 

FOR FURTHER INFORMATION ABOUT 

Mihtary Curriculum Materials 
WRITE OR CALL 

Program Inforrnatinn OU\r,r 

Thf: N.ition^! Cpntrr for Rp<,rarrh m Vocational 

EcJiJration 
Thp Ohio SMtP University 
1960 Krnny Road Columbus Ohio 43210 
Telpphonp 614//186 3655 or Toll Prno 800/ 
B'lB 4815 within the continental U S 
r' (except Ohio) 




Military 

Curriculum Materials 
Dissemination Is . . . 



What Materials 
Are Available? 



How Can These 
Materials Be Obtained? 



an dctivity lo increase the accessibility of 
n^ihtciry cieveloped cumcuiurn nidK^ridls to 
vocational an(j technical (xJucators 

This project, funded by the U S Office of 
Education, includes the ident if iCrH lon ancj 
acquisition of curnculurn nu'itenais in print 
forni from the Coast Guarcj, Air Force, 
Arniy. Marinf Corps and Navy 

Access to military curriculum materials is 
provided through «j "Jomt Mf*moranfjijm of 
Understandipq" t)elween the U S Office of 
Eduration and the Department of Defensf) 

The acquired m^nerials are reviewefj by staff 
cjnd subject matter specialists, and courses 
deemed applicable to vocational and tech 
nical education dre selected for riisseminat ion 

The National Center for Rf:scarch in 
Vocational EfJucdHon is the U S Office of 
Education's fiesiqnatpd rf'prf^seniat ivc to 
acquire thp fTiatertdls and conduct thp project 
activit if's 

Project Staff 

WesU^y E Budkf. Ph D . Dirr nor 
National C»'ntf'r C IfVKi nqhouv^ 

Shtrlf'Y A Ch.)se Ph D 
Prnjf'Ct Dirprtor 



One hundred twenty courses on microfiche 
(thirteen m paper form) and descriptions of 
each have t)een provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi 
nation 

Course materials include programmed 
instruction, curriculum outhncs, instructor 
guides, student workt:)Ooks ancj technical 
manuals 

The 120 courses represent the following 
Sixteen vocational subject areas 



Agriculture 
Aviation 
Building & 

Construction 

T r ad e s 
Clerical 

Occupat ions 
Communications 
Drafting 
Eleriromcs 
E nqinn Mfchan ic; 



Food Service 
Health 

Heat ing & Air 
Conrlitioning 
Machinp Shop 
Management & 

Supervision 
MfMeoroloqy 8( 

Navination 
PhotoqtHphv 
Public Service 



Thp nijmbpr of course's and the subject areas 
represr^nterj will expand as adrjitional mate 
rials With appiic^Jtion to vocational and 
le^chmcal pfiuration arp irjf»fitifir>fi anrj scle^rteri 
for disspmmation 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e g . ava lability and cost) They 
Will respond to your request directly or refer 
you to an instructional materials agency 
closer to you 
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H.fr.^.t»n .„d A. Cond,„On,n«, aioc«<. , a„d II (11-6), befce beg,n,.ng second paM of ,ne course 

aiocklll ^ ^-"''^ "'^'^'i*^^""" '^^^ 'O"' lessons coPia,n,ng 76 houM of .nsuucnn Tki 

y u ouM 01 .nsuuciion The lojion lODiCs and respeciive h ouri loliow 

Pnnciples or Heir.ge.jtion (20 hoursi 

£vapo.a,OM and Compressor, (18 ho. ' 
Compressor C^«er^5 ird Trouble Analysis (22 ^ours) 

IV _ ^-^^^--o.Co.r.o/.W^cce,.o....cn:3.n.t.reeie.on 

-^^'fr.gerani ConuoU (24 hourj) 
\\olOr ConlrOlj (21 hourj) 

Hefr.gerat, on Accejjonej and Trouble Analysis (33 hours) 



Block V 
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DEPARTMENT OF THE AIR FORCE PLAN OF INSTRUCriON 3ABR54530 

USAF School of AppUed Aerospace Sciences (ATC) (PDS Code ATA) , 

Sheppard Air Force Base, Texas 76311 16 January 1976 

FOREWORD 

1. PURPOSE: This pubUcation is the plan of instruction (POI) when the pages shown 
on page A are bound into a single document. The POI prescribes the qualitative 
requirements for Course Number 3ABR54530, Refrigeration and Air Conditioning 
Specialist, in terms of criterion objectives and teaching steps presented by units 

of Instruction and shows duration, correlation with the trainiiig standard, and 
support materials and guidance. When separated i ntojmi ts of instruction it becomei 
Part I of the lesson plan. This POI was developecTunder the provisions of ATCr- 
50-5, Instructional System Development, and ATCR 52-7, Plans of Instruction and 
Lesson Plans. 

2. COURSE DESIGN /DESCRIPTION. The instructional design for this course is 
Group/Lock Step. The course trains airmen to perform duties presc^bed in AFM- 
39-1 fcr Refrigeration and Air Conditioning SpeciaUsts, AFSC 54530. Training 
includes the use of AF publications and forms, and commercial manuals related 

to identification, location, lunction, installation, operational checking, servicing, 
repair and maintenance of refrigeration and air conditioning systems. The course 
also includes water analysis and conditioning. In addition, related training is 
provided on driver education, troop information program, commander's call/ 
briefings, etc. 

3. TRAINING EQUIPMENT. The number showr in parentheses after equipment 
listed as Training Equipment under SUPPORT MATERIALS AND GUIDANCE is the 
planned number of students assigned to each equipment unit. 

4. REFEIIENCES. This plan of instruction is baaed on Specialty Training Standard, 
54530/50/70, 18 April 1973, and Course Chart 3ABR54530, 15 January 1976. 

FOR THE COMMANDER 

"^^^^Sr^^^^^^^^TO^^ofT^SAF 
Chief, Dept of Civil Engineering Training 



Supersedes Pl^ of Instruction 3ABR54530, 15 August 1973 
^ OPR: Department of Civil Engineering Training 
ERLC DISTRIBUTION: Listed on page A 
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1 HkUi fir lUITIHJCTQi IXaUIMTITLI^ rmm.^ 

1 SoSaiLflt Conditioning 


ni Bafiic Refrigeration 


1 I COUUXE CON TENT 


1 TIME 


1. Principles of Refrigeration 

a. Using workbook and equipment provided, determine the amount 
of heat required to change the state of a subetance at atmospheric 
pressure. STS: Ua, Hb, 11c, Ud, He, llf, Ijj, Hh, Hi. 
Meas: W 

(1) Basic structure of matter 

(a) Definition of matter 

(b) States of matter 

(c) Changes In the states pf matter 

(2) Basic law of heat flow and transfer 

(a) Methods of heat transfer 

(b) British thermal unit 
J (3) Principles of heat 

(a) Types of heat and latent heat terminology 

(4) Gas laws and the effects of changes in pressure, volume 
and temperature 

1 (3) iW^finitinn of nY*CkflfliiY*Ck onH iraormm 

j (b) Gages and their use 
j (c) Boyles law 


20 
(15/5) 
'Days le 
thru 18 

(6/2) 
Day 16 
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COURSI CONTINT 



(d) Charles law 

(e) Dalton's law 

(f) Thermodynamics 

b. Using workbook and assortment of colored pencils, trace the (6/2) 
refrigerant Qow for normal operation of the schematic of a simple Day 17 
refrigeration system. STS: l2a, 12c, l2d, 14a. Meaa: W 

(1) Definition of refrigeration 

(2) Major components of a refrigeration system 

(3) Positions of compressor service valves 

(4) Identification and use of the manifold gage assembly 

(5) Characteristics of Halo-Carbon refrigerants 

(6) Pressure-Temperature Relationship chart 

c. Using refrigerant transfer trainer and tools provided, (3 A ) 
transfer refrigerant from the storage cylinder into the service Day 18 
cylinder, to the specification in the workbook. Observe all 

safety precautions. STS: 12b Meas: W, PC 

(1) Safety procedures when handling refrigerant and 
refrigerant cylinders 

(2) Calculate by weight the amount of refrigerant contained 
m a cylinder 
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SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

SG 3ABR5453b-ni-l, Principles of Refrigeration 

WB 3A3R54530-m-l-Pl, Freezing and BolUng Temperatures of Liquids 
WB 3ABR54530-m-l-P2, Measurement of Heat and Temperature 

o^oScico^™'^"^^' Change of State 

^ ^Anoci^on'S'^"^^' Of Refrigeration System Components 

WB 3ABR54530-m-l-P5, Transferring Refrigerant 

Audio Visual Aids 

Charts, Set, Refrigeration System 

Transparencies, Set, Heat Content of Water 

Training Film: TF5536a, Refrigeration - Principles of Mechanical 

Refrigeration Systems 
Prenarrated Slide: ATS 54-18, Modified Principles of Rt^rlgeratlon 

Training Equipment 

Trainer, Refrigeration Service Valve (12) 
Trainer, Manifold Gauge Assembly (12) 
Trainer, Simple Refrigeration System (12) 
Trainer, Refrigeration Transferring (12) 
Trainer, Pressure Gauge (12) 

Laboratory Equipment: Beakers, Thermometers, Ice, Table Salt 

Bunsen Burners, Stands, Holders (2) 
Special Equipment: Goggles, Gloves, Common and Special Tools 

Refrigerant CyUnders (1) 

Training Methods 
Training Film (0. 5 hr) 
Dlscus8lon,/Demonstratian (7. 5) 
Performance (7 hrs) 
CTT Assignment (5 hrs) 

Multiple Instructor Requirements 



Safety, Equipment, Supervision (2) 
Instructional Guidance 

Place adequate emphasis on safety precautions involved in use of bunsen 
burners, test equipment, and refrigerant transferring procedures 
Ottside Assignment: Day 16, direct students to review WBs lU-l-Pl and P2- 
Day 17, PT and P4; Day 18, P5. - J 

MIR: Two instnictors are required for 5 hours during student performance 
(3 hours in Day 16 and 2 hours in Day 18). 
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m Basic Refrigeration 


^ COURSl CONTCWT 


2- TIME 


2. Principles of Refrigeration Condensers, Receivers, Evaporators, 
and Compressors. 

a. Using workbook, identify evaporators, receivers, and 
condensers as to their type, application and required maintenance 
STS: 13b(l), 13b(2), 13c, 13d(l), 13d(2). 22a, 22d, 22e 
Meas: W 

(1) Purpose and principles of operation of condensers 

(2) Factors that affect heat flow from condensers 

(3) Types of condensers, their operational features, and 
methods of capacity control 

(a) Air cooled condensers 

(b) Water cooled condensers 

(c) Evaporative condensers 

(4) Purpose of evaporators and thei.- types 

(5) Types of evaporators, surfaces, operatmg conditions, and 
air circulating features 

(a) Types of evaporators 

(b) Air circulation 

(c) Operating conditions 

(6) Types, purposes, and operating principles of receivers 

(7) Checking, cleaning, repairing of condensers and evaporator^ 


18 

(15/3) 
Day 18 
thru 20 

(3/1) 
Day 18 
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COURJE COHTCHT 


b. Using the pressure enthalpy chart and known pressures plot 
an efficiency check of a simple refrigeration cycle to within +5% 
of the system capacity. STS: 13a(3), 21g Meas: W. PC 


(6/2) 
Day 19 


(1) Identify region and scales on chart 




(a) Regions 




(b) Scales 




(2) Identify lines on the pressure enthalpy chart 




(a) Saturated liquid line 




(b) Saturated vapor line 




(c) Constant temperature 




(d) Constant enthalpy line 




(3) Plotting the basic refrigeration cycle 




(a) Given values 




(b) Plotti ig procedures 




(4) Data derived from chart 




(a) Refrigerant loss 




(b) Refrigerant effect 




(c) Superheat 




(d) Heat of compression 




(e) Condensing effects 





(5) Given pressures which will apply to a simple refrigeration cycle 
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COURSI COMTINT 

c. Using workbook procedures and tools provided disaflsemble, (6/0) 
inspect, repair, and reassemble a reciprocating compressor to Day 20 

an operative condition. STS: 13a(l)(a), 13a(l)(b) , 13a(l)(c), 
13a(l)(d), 13a(2) , IJjg. Meas: W, PC 

(1) Centrifugal compressor 

(2) Rotary compressor 

(3) Reciprocating compressor 

(a) Method of operation 

(b) Types 

(c) Cylinder arrangements 

(d) Parts of the reciprocating compressor 
(4) Repair of compressors 



SUPPORT MATERIALS AND GUIDANCE 
Student Instructional Materials 

SG 3ABR54530-in"2, Condensers, Receivers, Evaporators, and 
Compressors 

WB 3ABR54530"m"2-Pl, Location, Identification and Maintenance of 

Condensers, Receivers, and Evaporators 
WB 3ABR54530-m"2-p2, Disassembling a Compressor 
WB 3ABR54530-m"2-P3, Reassembly of Compressor 
HO 3ABR54530-m"2"H2, Pressure Enthalpy Chart, Its Constructiai, 

Use and Value 
Pressure Enthalpy Chart, Commercial Diagram 

Audio Visual Aids 

Charts, Set, Refrigeration System, Refrigeration Compressors, Pressure 
Enthalpy 

Transparencies, Set, Mechanical Refrigeratioo Components 
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Training Equipment 

Trainer, Refrigeration Compressor, Cutaway (12) 
Trainer, Simple Refrigeration System (12) 
Trainer, Small Walk-in Box (12) 
Trainer, Large Walk-in Box (12) 
Trainer, 100-Ton Air Conditioning System (12) 
Trainer, 25-Ton Air Conditioning System (12) 
Tramer, 3-Ton Air Conditioning System (12) 
Bench Item, Refrigeration Compressor (1) 
Common and Special Tools (1) 

Training Methods 
Discussion/Demonstration (7 hrs) 
Performance (8 hrs) 
CTT Assignment (3 hrs) 

Instructional Guidance 

Place adequate emphasis on safety precautions around operating equipment. 
Outside Assignment: Day 18, direct students to review WB ni-2-Pl- Day 19 
P2 and P3, 
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3, Simple Refrigeration System 



a. Using refrigeration trainer and tools provdded, fabricate and 
install lines, pressurize, and leak check a simple refrigeration 
system observing workbook requirements. STS: 5a, 5b, 5c, 8a, 
8c, 8d, Hb, 14c, 14e, 14h, 141, 14j, 141, 14m. Meas:'w, 'pC ~' 

(1) Procedures for mstalling and removdng the manifold gage 
assembly 

(2) Construction features of a simple refrigeration system 

(3) Charging a system for a leak check 

(4) Using the halide leak detector and soap solution to locate 
systems leaks 

(5) Procedures for repairing refrigerant leaiks 

b. Using refrigeration trainer and tools provided, evacuate and 
charge a simple refrigeration system to the specification outlined in 
workbook. STS: 6d(3), 14e, 14h, 141, 14k, 17e. Meas: W, PC 

(1) Purpose of evacuating 

(2) Service valve and MGA valve positions for evacuating 

(3) Installation, operation, and removal of a vacuum pump 

(4) Service valve and MGA valve positions for charging for 
normal operation 
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(5) Charging methods and procedures for a simple refrigeration 
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(6) Interpreting gage reading and performing an operational 
check of a simple refrigeration system 

(7) Pumping down procedures for a simple refrigeration 

system 

(a) Purpose 

(b) Service valves and MGA valve positions 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

SO 3ABR54530-m-3, Simple Refrigeration System 

WB 3ABR54530-m-3-Pl, Installing a Manifold Gauge Assembly 

WB 3ABR54530-m-3-P2, Assembling a Refrigeration System 

WB 3ABR54530-m-3-P3, Charging for a Leak Test 

WB 3ABR54530-m-3-P4, Using the HaUde Leak Detector 

WB 3ABR54530-m-3-P5, Evacuating Procedures 

WB 3ABR54530-m-3-P6, Charging a System for Operation 

WB 3ABR54530-m-3-P7, Operational Check 

WB 3ABR54530-in-3-P8, Pump Down 

Audio Visual Aids 

Charts, Set, Refrigeration System, Pressure Temperature 
Film: TF-5536b, Refrigeration - Evacuating and Charging 

Training Equipment 



Trainer, Simple Refrigeration System (1) 
Bench Item, Vacuum Pump (1) 

Special Equipment: Manifold Gauge Assembly, Refrigerant Cylinder, 
Halide Leak Detector (1) 

Training Methods 

iscussion/Demonstration (4 hrs) 
Training Film (0.5 hr) 
Performance (7.5 hrs) 
CTT Assignment (4 hrs) 

Multiple Instructor Requirement 
Safety, Equipment, Supervision (2) 

Instructional Guidance 

Place emphasis on safety precautions while using refrigeration equipment. Out- 
side Assignments: Day 21, direct students to review WBs in-3-Pl thru P4; 
Day 22, P5 thru P8. 

MIR: Two instructors are required for 3. 5 hours In Day 22. 
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4. Compressor Checks and Trouble Analysis 



a. Using refrigeration trainer perform an efficiency check on a 
reciprocating compressor and record all malfunctions in the workbook. 
STS: 13a(l)(a) . 13a(4), 14h, Hi. Meas: W, PC 

(1) Procedure for oil level cl»ck 

(2) Suction valve check procedures 

(3) Discharge valve check procedures 

(4) Operational shaft seal check procedures 

(5) Equalised shaft seal check procedures 

(6) Check compressor for noise, vibration, overheating and 
abnormal pressures 

b. Using workbook procedures, pressure enthalpy chart and tools 
provided, perform an efficiency check of the refrigeration system 
trainer to within +5% of the system capacity. STS- 141 21c(l) 
21c(2), 2lc(3), "2lc(4), 2le, 21f. Meas: W, PC 

(1) Checking for abnormal low and high side pressure 

(a) Abnormal low side pressure 

(b) Abnormal high side pressure 

(2) Troubles related to condenser fans 

(3) Checking for restrictions, abnormal noises, odors, and 
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(a) Restrictions 

(b) Abnormal noises 

(c) Odors 

(d) Security at mounting 

(4) Plotting low and high side pressures on the P. E, Chart 



Student Ins true tioml Materials 

SG 3ABR54530-III-4, Compressor Checks and Trouble Analysis 
WB 3ABR54530-m-4-Pl, Compressor Oil Level Check 
WB 3ABR54530-m-4-P2, Compressor Valve Checks 
WB 3ABR54530-m-4-P3, Compressor Shaft Seal Checks 
WB 3ABR54530-m-4-P4, Using the Trouble Analysis Charts 
Pressure Enthalpy Chart, Commercial Diagram 

Audio Visual Aids 

Charts, Set, Refrigeration System, Pressure Temperature, Pressure Enthalpy 
Ti^iniJig Equipment 

Trainer, Simple Refrigeration System (1) 

Special Equipment: Manifold Gauge Assembly, Hallde Leak Detector (1) 
Training Methods 

Discussion/ Demonstration (5.5 hrs) 
: Perfojrmance (10.5 hrs) 
CTT Assignment (6 hrs) 

Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 

Instructional Guidance 

Caution students not to tighten oil plug too tight. Use caution when using 
halide leak detector. Outside Assignment: Day 23, direct students to review 
WBs m-4-Pl and P2; Day 24, P3; Day 25, P4. 

MIR: Two instructors are required for 8. 5 hoars during student performance 
(3.5 hours in Day 23, 4 hours in Day 24, and 1 hour In Day 25). 

5. Related Training (identified in course chart) 2 

6. Measurement Test and Test Critique ^ 2 



SUPPORT MATERIALS AND GUIDANCE 
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?^j:^pose of study guides and workbooks 



Study Guides and Workbooks are training publications authorized by Air Training 
Command (i^TC) for student use InATC courses. 

The STUDY G-JIDE (SO) presents the information you need to complete the unit 
Oi Instruction, or makes assignments for you to read In other publications which 

ccniair. che required iriormatlon, 

r;:e W0RK3O0X CvVB) contains work procedures designed to help you achieve 
.he learning objectives of the unit of mstructlon. Knowledge acquired from 
using the student study g^jide will help you perform the missions or exercises, 
solve the problems, or answer questions presented in the workbook, 

THE STUDY QTJlDE AND WORKBOOK (SG/WB) contains both SG and WB material 
under one cover. The two training publications may be combined when the WB 
IS not designed for you to write m, or when both SG and WB are issued for you 
to keep. 

Training pujiications are designed for ATC use only. They are updated as nec- 
essLry for training purposes, but are NOT to be used on the job as authoritative 
references in preference to Technical Orders or other official publications. 
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PRINaPLES OF REFRIGERATION 



OBJECTIVE 

To help you in learning physics as related to refrigeration, refrigeration cycle, 
and refrigerants and their characteristics. 

iNTRODUCnW 

It IS impossible to say just when and where refrigeration began. Evidence left 
by prehistoric man indicates that he used ice, p^ow, and cold water to keep himself 
and his food supply cool. 

The first experiments producing artificial ice began in 1820, but it was not until 
1834 that Jaco.) Perkins, an American engineer, successfully completed a compression 
type Ice- making machine. 

There was very little interest in artificial Ice making until 1890. That year, a 
shortage of natural ice and a hot summer emphasized the need for a dependable source 
of ice. 

The first ice- making machines were cumbersome ammonia systems powered by 
. wheels or steam engines. 

Household refrigeration began in 1910, bat the refrigerators were not very 
successful as they had to be controlled manually. The first automatic refrigerator 
was produced in 1918, and the growth d refrigeration has continued at a rapid pace 
ever since. 

The refrigeration industry has made vast Improvements in the last 30 years. 
£ach year we see Improvements and better utilization of equipment. In the future, 
we will continue to use refrigeration In the preservation of food and medicine, but 
the greatest strides m the industry will be In the fields of comfort and equipment 
cooling. 

Automobile air conditioning has made great strides within the last few years. 
Soon air conditioning will be standard equipment on all new cars. 

Equipment cooling in the missile and electronic fields is expanding rapidly. 
Demands for refrigeration specialists will increase with the development of new 
equipment. 



Physics Is the study of the natural laws of nature that covers such subjects as 
mechanics, force, matter, light, sound, pressure, gases, heat, temperature, and the 
atmosphere. The refrigeration specialist must know the general principles of heat, 
its measurement and transfer, pressure and its measurement, the gas laws and the 
atmosphere. A thorough understanding of these subjects Is an absolute necessity 
before the principles of refrigeration can be fully understood. 



PHYSICS AS RELATED TO REFRIGERATION 
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Matter 

Matter is anything that has weight and occupies space. Molecules are the basic 
structure of all niatter and are made up of atoms. Atoms are made up of a nucleus and 
one or more electrons. The electrons are constantly in motion. The higher the tempera- 
ture, the taster the speed. 

Matter can e:ast in three states solid, liquid, and gas. in any of these states its 
K 7"?.o^^ '^^ ^'^^^^ atmospheric pressure exists in the soUd state 

^''r^Z ~ ' ■ -'^'^^'^ ^^^^^ between 32°F and 212°F, and in the gaseous state above 

It IS hard to v-.suaUze that there is movement and heat m something as cold and 
hard as a block of ice. When water is m its soUd sUte (ice) the molecules move much 
slower than when the same -^ater is in the Uquld state. But even if it is ice the mole- 
cules sf.U move cecause the ice still contains some heat. 

The colder the object, the slower the molecules move, and consequently the less 
heat the object contains. There is a point known as absolute zero where all molecular 
action ceases. tIus is a temperature of approximately - 460°?. Therefore anything 
of a temperature above -460°F has some heat. 

Heat 

Heat IS a form of energy. Energy is the abiUty to do work. A recent development 
of the use of heat energy is the solar battery. This device receives heat from the sun 
and converts it to electrical power that can be used to drive motors, etc. 

Hot and cold are relative terms. A workman in the steel industry might call a 
piece of steel too "cold" to work even if its temperature was above 1000°F. 

TYPES OF HZ AT. Sensible heat is that heat which changes the temperature of a 
substance. Sensible heat is the intensity of heat within a substance and is measured 
with a thermometer. 

Latent is a word that means "hidden". Therefore, latent heat is hidden heat. It is 
the heat that causes a change of state without causing a change in temperature. 

Latent heat changes a soUd to a Uquid or a liquid to a solid. It takes 144 BTUs to 
change one pound of ice at 32°F to water at 32°F. Also, the removal of 144 BTUs from 
one pound of water at 32 F will leave one pound of ice at 32°F. The heat that causes 
this change of state cannot be sensed or measured with a thermometer; therefore, it is 
"hidden heat". Latent heat also changes a Uquid to a gas or a gas to a Uquid. It takes 
970 BTUs to change one pound of water at 212°F to steam at 212°F. 

Figure 1 Illustrates the changes of state that take place when ice at 0°Y is chanired 
to steam at 212°F. ^ 

Start at point A with ice at 0°F, add 16 BTUs and the tempereture of the ice will 
increase to 32 F (point B). The specific heat of ice is .5; therefore, one BTU will 
increase the temj^rature of one pound of ice 2°F. It requires 144 BTUs to change one 
pound of ice at 32 F to one pound of water at 32°F. See point C. The addition of 180 
BTUs will increase the temperature of the water to 212<5F (point D). It requires 970 
BTUs (latent heat of vaporization) to change one pound of water at 212^'F to steam at 
212°F (point E). 

2 9f) 




Figure 1. One Poand of Water at Atmospheric Pressure 

Figure 1 also illustrates the fact that it takes 1310 BTUs of additional heat to 
change one pound of ice at 0 F to steam at 212°F. All of this heat remains in the 
steam. To return V\e one pound of steam back to ice at 0°F would require the removal 
of 1310 BTUs. 

SPECIFIC HEAT. Specific heat is defined as the amount of BTUs required to raise 
the temperature of one pound of any substance one degree F. Water has a specific heat 
of 1 because it takes 1 BTU to raise the temperature of one pound of water one degree F. 
Ice has a specific heat of . 5 because one half of a BTU will raise the temperature of one 
pound of ice one degree F. Figure 2 Illustrates the specific heat of several common 
substances. 



NAME 


SPEQFIC HEAT 


Air 


.24 


Ostygen 


.21 


Water Vapor 


.46 


Water 


1. 0 


Ice 


.5 


Aluminum 


.22 


Wood 


.57 



Figure 2. Specific Heat at Common SubsUncea 
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SUPERHEAT Superheat is anv heat that is added to a gas above its condensing 
ternperatare Th.s aoaitiunai heat must be removed before a gas can condense to a 
liquid 

MEASUREMENT OF HEAT Heat is measured both as to quantity and intensity. The 
mtensitv oi heat is measured with a thermometer and is expressed in degrees. The 
:juantitv )i heat cannot be measured- it must be calculated. It is expressed in British 
Thermal Units (3TU) A BTU IS THE AMOUNT OF HEAT REQUIRED TO RAISE THE 
TEMFER.ATURE OF ONE POUND OF WATER ONE DEGREE F This is approxamate ly 
the amount ' e.i produced by burning one common kitchen match. To measure the 
amuuni '-e\i ?-d:ied, it ib necessary to '<now the weight as well as the number of de- 
i^ree^* .)i te ^^ipe rat j re rise 

TliERMOMETERS A thermometer is an instrument that measures temperature. 
There are two types ot thermometers in general use, the Fahrenheit and the Centigrade. 
The centigrade scale is used in European countries while the Fahrenheit is more often 
u.^eH m America Water boils at 212^F and freezes at 32^F measured on the Fahrenheit 
thermometer scale. Measured on the centigrade thermometer scale, water boils at 
lOG^C and ireezes at O^C . 

The temperature range of thermometers varies with their intended use. A thermo- 
meter designed for refrigeration service work may range from -40°F to 120^F. A 
laooratory thermometer may range from 30^F to 600°F. To select a thermometer to 
measure temperature be sure the range is not exceeded or the thermometer will be 
destroyed . 

Thermometers should be handled carefully at all times. They are usually made of 
glass and break easily if dropped or placed in a tool box. 

HEAT TRANSFER Heat always flows from a hot to a cold substance until both sub- 
stances are at the same temperature. Heat is transferred by three methods conduc- 
tion, convection, and radiation. 

Conductiui.. Conduction is the transfer of heat by molecular contact. If one end of 
a copper bar is heated it will not be long until the other end also becomes hot. 

Since the molecules in solids are generally closer together than those in a liquid, 
conduction takes place faster in a solid than in a liquid. Since the molecules in a gas 
are far apart, conduction through a gas is slow. 

Convection. Convection is the transfer of heat by the movement of liquid or gas con- 
taining heat. A room is heated by convection; air is first heated and then forced into 
the room. This air then gives up its heat and raises the temperature of everything in 
the room. 

Natural convection takes place around a space heater. As the air comes close to 
the heater it is heated, becomes lighter, and rises. As it travels along the celling, it 
gradually becomes cooler and heavier, then settles to the floor to complete the cycle. 
These convection currents transfer heat throughout the room. 

Radiation. Radiation is the transfer of heat by rays, similar m many ways to light 
rays. When these rays strike our skin they cause the sensation of heat. Heat rays can 
be felt by holding your hands near a hot stove. 

:u 
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Pressure and Vacuum 

Pressure is force per unit area. ^ pressure of 30 p. s i. means that there is a 
force of 30 pounds being exerted on each square inch of surface area. The air above as 
has weight, therefore, at sea level air exerts a force of H 7 pounds on each square 
inch of the earth's surface. When climbing a mountain, the force of the air decreases 
because the column of air is shorter than it is at sea level. (See figure 3 ) 

A vacuum is any pressure below atmospheric pressure A perfect vacuum would 
be completely free of all gases, an absolute empty space. 
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Fig\ire 3. Pressure Scales 



The operation of a mechanical refrigeration system dep>end directly on a difference 
in p-essure. The pressure is high in one part of the system and low in another part. 

PRhSSURE AND VACUUM MEASUREMENT Pressure and vacuum is measured in 
a number of ways, the difference being mostly for convenience. Since these differences 
exist. It IS necessary to specify exactly which measurement is being used. 

Absolute Scale. The absolute scale is based on the total pressure exerted by the 
atmosphere at sea level. Therefore, an absolute scale will indirate a press of 14.7 
p. s. 1. a. at sea leve L A perfect vacuum would be indicated as 0 p. s . i. a . (See figure 3 . ) 

Standard (Gage) Scale The standard scale is based on the difference between atmos- 
pheric pressure and added pressure. A standard scale will indicate 0 p.s.i g. at sea 
level. An example, if the pressure in a tire is indicated to be 30 p s . i g. , it means 
that the pressure is 30 p.s.i. mort^ than atmospheric pressure. 
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Compound (Gage) Scale. The compound is used to measure pressures above and 
below atmospheric. Pressures below are indicated as so many Inches of mercury 
vacuum Pressures above atmospheric are indicated as p.s.i.g. 

Mercury Scale. The mercury scale is based on the same principles as the abso- 
lute scale. However, the pressure is indicated in inches of mercury rather than 
pounds per square inch. 

EFFECTS OF PRESSURE AND VACUUM. The basic refrigeration cycle depends 
on the effects of pressure upon its circulating refrigerant. By controlling the pressure 
on a Liquid, the temperature at which it will boil can be predetermined. Water boils 
at a temperature of 212 F, but by controlling the pressure, the boiling point can be 
i-aried from 3 2^F uf to around 700°F. 

The boiling point of a hqaid and the condensing point of its gas is the same tempera- 
ture at any given pressure. If the pressure is Increased, the boiUng and condensing 
points increase. If the pressure is decreased, the boihng and condensing points decrease. 

A v'acuum lowers the boiling and condensing point lower than that which normally 
occurs at atmospheric pressure. 

Saturation Temperature 

Saturation temperature is the boiling or vaporizing temperature of a Liquid at any 
given pressure and the condensing temperature of a gas or vapor at any given pressure. 

Gas Laws 

There are several different laws of gases derived by several different physicists 
and scientists. However, the refrigeration and air conditioning specialist is only 
interested in three of these laws. Since all of the principles of refrigeration are based 
on these laws, a complete understanding of them is essential. 

BOYLE'S LAW Boyle's law states that *'the volume of gas varies inversely as the 
pressure providing the temperature remains constant. If a given volume of gas (two 
cubic feet) at a given pressure (30 p.s.i.) is compressed to one cubic foot, the pressure 
will increase to 60 p.s.i., providing the temperature remains constant. In reaUty, 
the temperature will not remain constant but will increase. 

CHARLES' LAW Charles* law states that "a volume of gas vanes directly with 
the temperature providing the pressure remains constant." If the tempei^ture of a 
given volume of gas (two cubic feet) at a given temperature (50°F) and a given pressure 
(60 p.s.i.) IS increased to lOO^F, the volume will increase to four cubic feet, providing 
the pressure remains constant. 

The principles of refrigeration are based on a combination of these two laws. If 
the volume of a gas is decreased both the temperature and pressure will increase. 

DALTON'S LAW Dalton's law states that "the total pressure of a mixture of gases 
is the sum of the partial pressures of each of the gases m the mixture. " 
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In a cylinder containing a mixture of ammonia, and air; each of these saMS 

exerts a given pressure. If the R-12 has a pressure of 20 p.s.i.g. , the ammonia 40 
p.s.i.g. , and the air 100 p.s.i.g. , the total pressure as indicated by a standard pres- 
sure gage would be 160 p.s.i. g. 



REFRIGERATION 



Refrigeration is the transfer of heat from a place where it is not wanted to a place 
where it is unobjectionable. 

Compression Rs^Irigeration Cycle 

Starting at the liquid receiver (figure 4) the refrigerant is under high pressure and 
in a liquid state. This liquid goes up the liquid line and through the refrigerant control 
into the evaporator. The liquid in a low pressure area will absorb heat and turn into a 
gas. If the liquid is R-12 and the pressure in the evaporator is 37 p.s.i.g. , the refrig- 
erant will turn to a gas at 40 F, ils heat will flow into the liquid until its temperature 
IS reduced to 40 F. 



The heat laden gas in the evaporator is drawn down the suction line into the suction 
side of the compressor. This gas is full of heat absorbed in the evaporator. The com- 
pressor compresses this heat laden low pressure gas to a high pressure gas ar^d dis- 
charges it to the condenser. 

The high pressure gas is hot, possible o-/er 100°F. If cooler air is passed over 
the condenser, the heat in the hot gas will flow into the air. As the hot gas loses its 
heat it turns to a Liquid. The liquid now runs Into the receiver. The liquid has com- 
pleted one cycle. It has picked up heat in an area where it was not wanted and has dis- 
charged it into another area where It is not objectionable. 




Figure 4. Compression Refrigeration Cycle 
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Units necessary for the operation of a basic refrigeration svstem are the compres- 
sor, condenser, ev'aporator, refrigerant control, and interconnecting lines. 

COMPRESSOR The compressor is used to compress the heat Laden low pressure 
^^as and discharge it tr .ne -ondenser as hot high pressure gas The compressor is 
located between tne evaporaior and the condenser. 

CONDENSER The condenser removes the heat from the gas and changes the gas 
into a liquid The condenser is located between the compressor and the refrigerant con- 
u o 1 ^ 

REFRIGER.ANT CONTROL. The refrigerant control changes the high pressure liquid 
into a low pressure, low temperature Uquid. It must be adjusted to meter the Uquid 
refrigerant into the evaporator as fast as the compressor removes it. The refrigerant 
control IS located between the condenser and the evaporator. 

E:VAP0R.\T0R The evaporator absorbs heat from the refrigerated space and 
changes the low pressure Uquid into a gas. It is located between the refrigerant control 
and the compressor 

RECEIVER The receiver is a metal cylinder that acts as a storage space for the 
surplus refrigerant m a system. Most small systems do not have receivers. The re- 
ceiver when used, is located between the condenser and the refrigerant control. 

Valves and Gages 

ValvPb and gages are the refrigeration and air conditioning speciaUsts' most import- 
ant tools Valves are used to isolate various parts of the system and gages are used to 
indicate what is happening within the system. 

SERVICE VALVES Service valves are used to faciUtate the installation and remov- 
al of the manifold gage assembly and to isolate the refrigerant Unes from the compressor. 
They are located at the suction and discharge ports of the compressor, 

Service valves have three positions. (See figure 5.) 

View A Illustrates the back seated position. In this position the compressor is open 
to the refrigerant Une, but the gage port is closed. View B illustrates the front seated 
position. The compressor is open to the gage port, but the Une port is closed. View C 
Illustrates the gage position. All ports are open. This is the normal operating position. 
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COMPRESSOR 
PORT 

VIEW A. BACK SEATED POSITION 



VIEW B 



COMPRESSOR 
PORT 

FRONT SEATED POSITION 



GAGE 
PORT 



LINE 
PORT 




COMPRESSOR 
PORT 

VIEW C GAGED POSITION 



Figure 5 Compressor Service Valves 



RECEIVER (KING) VALVE The receiver valve, located at the outlet of the receiver 
IS used to close the Une so as to isolate the Uquid Une, evaporator, and suction Une from 
the rest of the system. The receiver valve is cften caUed the 'long" valve. 

GAGES There are two types of gages i^sed to record pressures within the refrigera> 
tion system. They are the high pressure gage and the compound gage. (See figure 6.) 

High Pressure Gage. The high pressure gage is installed to the compressor dis- 
charge line to indicate the pressure m the high side of the system. 

Compound Gage. The coupound gage is installed to the compressor suction line to 
indicate the pressure in the low side of the system. The compound gage will indicate 
either pressure or vacuum. 
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Hign Pressure Gage 



Compound Gage 



Figure 6. Gages 



-Manifold Gage Assembly 



th. oI^LT'h ° assembly is designed to faciUtate the installation and removal of 

7 f. r k''k procedures. The manifold gage assembly (figure 

7. conUins one ln?h pressure gage, one compound gage, two valves and three jirts 

^hnrJi'^h"'''"'?^'^ ^l' assembly can be used to purge the system, evacuate the system, 
.harge the system, check system pressures, by-pass pressures, and add oil to some 

■3 y s Lc ms , 
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Figure 7. Manifold Gage Assembly 
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Temperature - Pressure CbartB 

The temperature - pressure chart Is a ready means oi converting refrigerant pres- 
sures to saturation temperatures. It can only be used when the refrigerant exists as 
both a Uquid and gas in the same side of the system. The charts are a quirk means to 
check out a system for operation and trouble analysis. They have been reduced in Gize 
to small cards (or convenient use outside the refrigeration shop. 

The charts and cards consist of vertical columns. One column lists saturation 
temperature in degrees Fahrenheit and the other columns contain the equivalent pressure 
relationship for each refrigerant named thereon. 

The temperature - pressure chart Is a very important tool. Learn to use It and re- 
fer to It often. 

REFRIGERANTS 

In the development of refngeraUon, several different chemicals and fluids have been 
used as refrigerants. The most successful refrigerants are the halocarbons. 



No refrigerant Is completely satisfactory in aU applications. A refrigerant may 
work very well in air conditioning systems, but be worthless for use In cold storage 
plants. 

Desirable Refrigerant Characteristics 

The refrigerant that has the most of these characteristics is normally the best. 

1. It should be nonpoisonous. 

2. It should be nonexplosive . 

3. It should be noncorrosive. 

4. It must be nonflammable. 

5. Leaking refrigerant should be easily located. 

6. It should operate under low pressure. 

7. It should be a stable gas. 

8. It must not destroy the lubricating properties of the oil. 

9. It should be nontoxic. 

10. It should have a high latent heat of vaporization per pound. 

11. The refrigerant gas must have a small relative displacement per pound of liquid 
refrigerant. 
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HALOCARBON COMPOUNDS. Chemists experimenting with methane and ethane 
tound that by substituting chlorine or fluorine for the hydrogen they could make almost 
dn\ type reirigerant needed. The refrigerants thus formed are known as halocarbcns. 
All of these refrigerants are 

1, Nonilajnmable 

2. Nonexplosive 

3 Nonirntating 

4 Nontoxic 

5 Odorless 

6, Verv stable chemically 

7, Noncorrosive 

8, Harmless to refrigerated products 

These refrigerants are available under such trade names as Freon, Genetron, 
Isotron Ucon. and several others. To ebminate the use of the long cumbersome 
chemical names each refrigerant has been assigned a number, (See table L ) 



REFRIGERANTS 



NAME 


CHEMICAL 
FORMULA 


A S R E 
NUMBER 


LATENT 
HE AT 


BOILING 
POINT 


TRICHLOROMONOFLUOROMETHANE 


CCL3F 


1 

R-1 1 


93 BTU 


. 

74« F 


Dl CM LORODIFLUO ROME THANE 


CCL^F^ 


R-12 


69 BTU 


-21' F 


MQNOCHLORODIFLUOROME THANE 


ChCLF^ 


R-22 


93 BTU 


-.VP 


monochlopotrifluoromethane 


CCLF3 


R-13 


45BTU 


-114» F 


A2E0TR0PE.S 




R-500 


82 5 BTU 


-28' F 




CH3CHF2 









Table 1 

Halocarbon refrigerants act as a solvent on natural rubber so all gaskets and seai£ 
must be made of synthetic rubber. 

Trichloromonofluoromethane (R-11). This refrigerant was designed for use in 
centrifugal type compressors. Each pound of the bquid makes 5.77 cubic feet of gas, 
but the difference between the low and high sides is small. This means that we must 
handle a large volume of gas, but the compression ratio is very small. 
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and thi'Jonrn?^*" evaporator temperature, the low side pressure is 15 inches vacuum 

Ztll to nn?' '^r" ft '^^"^ ^ "^"^ 5 p.s.i.g. This makes a total of 
only iz to 13 p.s.i. between the low and high side. 

will tor"::';;"s^Ltct'o?iTy''''^ temperature oil 

only sTslT'atlS^rJ, T'n ? ^""^^ ^he pressure is 

u LvL ^ ^ ^ ^ small leak may be very hard to Ond. To find a smaU leak 

It may be necessary to evacuate the complete system and then charge irwith C^^ 

Dlchlorodinuoromethane (R-12). This is the most widely used of the halocarbon 
refrigerants. It is used e.rtensively m air conditioning, domestic commerciLi I^S 
res": anTiis c°"d- f "^^^"^ degree! 'below zero' aTa^mL h^er'ic" 

Sill ol rnov^ 69 ItvTTu "H"""'' '° P'^'^-^- ^oom temperature . It 

TmaUer rPf. ^^^^^Us of heat for each pound of liquid. This is a decided advantage in 
of ir^P "f'-^gerating machines. The large amount of Liquid circulated allowsT^e u^ 
of larger, more accurate refrigerant and motor controls 

syste'^VpL^X^^^e:^^^^^^^^^ : correctly insUUed 

Any good, dehydrated, nonfoamin^, refrige^^L^on ou cln^be'ui:^." 

sure'lnT s^strm"" '''''''' ^'"^ '^^^ ^ P-'^' -^^-^^e-nt pres- 

Monochlorodinuoromethane (R-22). This refrigerant was developed for use ,n 
Se^Slu'r^ of"" 4^' " "^^^^ temperature of "^lO r allows alTCr^^' tem- 
perature of -40 without going into a vacuum on the low side Its latent he^ n! oVnTTi^ 
13 somewhat higher than R-12. This allows the use of a s^Uer Xr-^r and hnis 
rerp^Vrnre^n— ^ — ^ — ^ — « -e sare~or^- 

sm^ne'^tLZ^T'^''°'^'^. "'^'^ ^-22 " ^ refrigerant. The main advantage is 

In systems with an evaporator temperature of less than zero de^re-s F the ,1 
Z^To Z7 °' "^^i^-nt. Some method must be providedTiL 'oUtV 
problem. R-22 will dewax the o.., so a highly dewaxed oil must be used. 

Leak detection for R-22 is the same aa for R-12. 

Monochlorotnfluoromethane (R-13). This refrigerant was developed for use in 
T^'^u ^f,'"P«^^'-^«- ^^^^ temperature is -lU^Y at atmospheric pressu^^ 

a^siuti'p^i^Lrre'i^Thrr '\TT'' ifuri^ 

nri^lv.? ^" si'^- However, due to its extremely high condensing 

pressure, this refrigerant is unsuitable for use in normal refrlgeratiof uSts ^ 

Azeotropes. Is a mucture of two or more refrigerants which, in combination, acts 
as one compound (R-500. R-502, R-503). 
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REFRIGERAJJT CYLINDERS. With the exception of R-11, all refrigerants are trans- 
ported m special refrigerant cylinders. These cylinders come in three main sizes 
145 pound 25 pound, and 10 pound. The 145 pound size is used for storage and shop 
purposes, while the others are used for servicing work. To calculate the amount of 
weight tor each size cylinder, three weights are necessary. 



Refrigfc-ant - net 
Cylinder - tare 
Total - gross 



145 25 
60 17 
205 42 



10 
7 

17 



Refrigerant cylinders are usually equipped with fusible plugs. These plugs are 
Designed to blow out under lugh pressure to prevent the cylinder from exploding. 

TRANSFER OF RE FR..GE RANTS . Refrigerant is obtainable in amounts from a 
railroad carload to a small one pound or less can. However, most refrigerants come 
in cylinders containing 145 pounds. The refrigerant is then transferred into smaller 
cylinders for ease of handling. 

A simple method for transferring refrigerants from large to small cylinders is 
shown in figure 8. This is a simple stand on which the large refrigerant cyUnder is 
mounted in an inverted position. This sUnd must be so constructed that the cylinder 
valve IS easily accessible. One-iourth inch charging Une should run from the storage 
cyUnder to the service cylinder. The refrigerant will flow into the small cylinder com- 
paratively slow. Refrigerant will always flow to the coldest point in a system, there- 
fore, if we cool the small cylinder, the refrigerant will flow into it much faster. 

NOTE Cooling the smaller cylinder will lower the pressure allowing the 
refrigerant to flow into it. 

STORAGE 
CYLINDER 




REFRIGERATION 
CONDENSING UNTT 




EVAPORATOR 



WEIGHING 
SCALE 



Figure 8. Transferring Refrigerant 
14 
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Th* exact amount of refrigerant tranrterred may be determined by placing the 
service cylinder on a weighing acale during the transfer procedure. 

CAUTION: Never All a refrigerant cylinder more than 85 percent full! 



REFRIGERANT SAFETY 

OBJECTIVE 

To help you learn the hazards present in accomplishing your duties and the pre- 
scribed safety proceAires to observe to avoid personnel injury or equipment damage. 

INTRODUCTION 

One drop of a low temperature refrigerant on the eye ball will freeze the ey* and 
cause blindness. For that reason, the use of goggles when handling liquid refrigerant 
camwt be over emphasized. 

FIRST AID 

Injury from Refrigerant is Divided into Three Classes. 

LIQUID ON THE SKIN. When liquid refrigerant comes in contact with the skin, it 
vaporizes so fast that it freezes the skin. The affected area will break out in water 
blisters that look like bums. If medic^ aid is available within a few minutes, do not 
attempt to medicate. Flush the area with water. If medical aid is not available, treat 
the wound the sanle as a burn. 

LIQUID OR VAPOR IN THE EYES. Avoid rubbing the eyes, flush with water, intro- 
duce a few drops of sterile mineral oil and wash with a weak soluUon of boric acid. 
Seek medical aid. There is not much that can be done after liquid refrigerant is in the 
eyes. The best first aid is to use extreme care and wear goggles. 

VAPOR OR GAS INHALATION. The first thing to do is remove the overcome person 
from th« contaminated area. If there are two or more persons available, make sure 
only one enters the area at a time. Wear goggles and hold your breath. If you cannot 
remove the person without breathing, return to the outside, get your lungs full of fresh 
air and then enter the contaminated area again. Do ndt breatlie in the contaminated 
area or you will be overcome also. As soon as the overcome person is out in the fresh 
air, remove any contaminated clothing, give artificial respiration and seek medical aid. 

HANDLING REFRIGERANT CYLINDERS 

During the construction of a large building, one of the construction men turned 
over a refrigerant cylinder and sat on it to eat his lunch. After the lunch period, he got 
up and went back to work. The cylinder rolled over next to a hot stove. The fusible 
plug failed to blow and the cylinder exploded. It blew out all the windows and damaged 
the building extensively. 

Refrigerants are not dangerous if handled with a little care, but under certain condi- 
tions, they can do as much damage as dynamite. 

The following rules must be followed when handling refrigerant cylinders: 
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1. Never drop cylinders. Refrigerant cylinders are built very sturdily to hold the 
required pressures, however, they should be handled with care. 

2. Tie cylinders securely when transporting. DO NOT just throw the cylinders In a 
truck and take off. You may hit a bump or have to stop very suddenly. This could 
throw the cylinders around, causing them to explode. 

3 Close all valves tightly. 

4. Make sure protective caps are in place when not m use. Regardless of how careful 
ue are, a cylinder might be knocked over. The weakest point on the cylinder is the 
\^Ive. If this v-alve is broken off, the cylinder will be projected across the floor 
with enough force to break a man's leg. 

5. Never mix refrigerants m cylinders. Refrigeration shops usually keep cylinders 
of all types of refrigerants. Make sure these cylinders are well marked so there 
can be no mistake in getting two types of refrigerants mixed. 

6. Never put anything but refrigerant in refrigerant cylinders. Under no circumstances 
should you put anything but the correct refrigerant in a refrigerant cylinder. Carbon 
dio.xide, nitrogen, and compressed air are necessary in a refrigeration shop, but 
they must be kept in their own containers. 

T, Never use cylinders for rollers or supports. This comes under the heading of mis- 
use of equipment. Most accidents in a shop are the result of the misuse of equip.- 
ment. If you use your equipment correctly, you will not get hurt and the equipment 
will last longer and work better. 

3. Never tamper with safety devices. These devices are designed to save your life! 
They may not function correctly if they hav^ been tampered with. 

9. Never attempt to repair a cylinder. If a cylinder leaks or is damaged in any 
manner, turn it in to be salvaged. Trying to repair a cylinder is an invitation to 
disaster. 

10. Never permit a flame to come in contact with a cylinder. The pressure of a refri- 
gerant IS the result of its temperature. The higher the temperature the higher the 
pressure. If we raise the temperature of the refrigerant enough, the pressure will 
increase until something has to give. Every year there are several accidents as 
the result of heating refrigerant cylinders with a flame. 

11. Never fill a cylinder more than 85 percent full. All liquids expand as their tempera- 
ture increases. If a cylinder is completely full of liquid and the temperature in- 
creases, the pressure will be great enough to burst the cylinder. 

12. Do not place cylinders where they might become part of an electrical circuit. 

13. Do not deface or remove any markings on cylinders. If you find a cylinder impro- 
perly Labeled, notify the Safety Officer . 

14. Do not store full cylinders with empty cylinders. 

15. Protect cylinders from direct sun rays. 

\\\ 
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HANDLING REFRIGERANTS 



In the presence of an open flame or hot surface, halocarbon refrigerant decomposes 
into phosgene gas, Althou^ dangerous, this gas gives sufficient warning of its presence 
so that the serviceman can ventilate the area. 

Some refrigerants are classified as nonpoisonous , but breathing large quantities will 
damage the lungs. In smaller concentrations, they act as a mild anesthetic, resulting 
in dizziness and drowsiness. 

When transferx-ing refrigerant from one cylinder to another, liquid refrigerant is 
being handled. Be sa/e, wear goggles and rubber gloves. 

SUMMARY 

Refrigeration, the transfer of heat from a place where it is not wanted, is almost 
as old as history. The growth of mechanical refrigeraUon in the past few years has 
been greater than all the previous years combined. 

Heat is a form of energy. It affects all substances around us, causing them to be 
in one of three physical sUtes, depending on temperature: soUd, liquid or gas. Heat 
in the summertime, is uncomfortable where people gather. Heat causes food to spoil 
and medicine to deteriorate. 

Heat flows from hot to cold by three methods: conduction, convection and radiation. 
Its Intensity is measured in degrees of temperature, while its quantity Is measured in 
BTUs. 

A refrigeraUon system depends directly on a difference in pressure for its basic 
principle of operation. Pressure affects the boiling point of a Uquid refrigerant and the 
condensing point of a gas. 

A compression refrigeration system has four major component parts: compressor, 
condenser, refrigerant control, and evaporator. The fluid circulated inside the system' 
is called the refrigerant, it is this fluid that carries the heat in the refrigeration cycle. 

The service valves, gages, and Aanifold gage assembly are designed to allow 
servicing and checking the refrigeration system. 

Refrigerants are available in various sized containers, from a small can to a large 
cylinder. Refrigerant is transferred from large storage cylinders into smaller service 
cylinders for ease in handling and economy. 



The overall goal of the ground safety program is to prevent accidents. A large 
percent of all accidents can be prevented if prescribed rules and precautions are 
strictly followed. Some of the conditions that cause accidents are horseplay, poor 
housekeeping practices, disregard of warning signs, improper selection and use of tools, 
laziness, and Just plain carelessness. Take the necessary time to leam and observe the 
pertinent rules for each job assignment. Remember, an ounce of prevention is worth 
much more than a pound of cure. Be safety- minded! 
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QUESTIONS 

1. What IS sensible heat 

2. What IS the difference between quantity and intensity of heat? 

3. Name the three methods of heat transfer. 

4. What IS latent heat'' 

5. What IS the definition of convection? 

6. Define superheat. 

7. How can the boiling point of a liquid be decreased? 

8. Define heat, 

o 

9. How many Btus of latent heat is required to change one pound of ice at 32 F to 
water at 32°F. 

10. How many Btus will it take to chajige one pound of ice at O^F to water at 50^F, 

11. What IS specific heat? 

12. What IS the specific heat of one pound of ice'^ 

13. What IS the specific heat of one pound of water 

14. How many Btus of sensible heat is required to change one pound of ice at lO^F to 
water at 42°F'? 

15. Define pressure. 

16. What is the definition of refrigeration? 

17. Name the four major components of a refrigeration system. 

18. Name the three positions of a compressor service valve. 

19. Name two types of gages used to record the refrigeration system pressure, 

20. What IS another name for the receiver outlet valve 

21. What position should the compressor service valves be in for normal operation? 
22 Name two desirable characteristics for refrigerant, 

23- How full should a refrigerant cylinder be filled'^ 

24, What are three classes of refrigerant mjuries'^ 

25, What IS done when a cylinder is damaged and in need of repair'^ 

18 
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CONDENSERS, RECEH'ERS, EVAPORATORS, AND COMPRESSORS 

SECTION I 

CONDENSERS, RECEIVERS AND EVAPORATORS 

OBJECTIVE 

..cellos "P'™'-" 0' conde„,er,, 

INTRODUCTION 

Since there are many types of condensers, receivers and evaporators in current 
unit's a', '° something of the desig. and operation of each of these 

un ts. Also, It IS important to know the application of these devices in a re r iteration 



CONDENSERS 

that J^ITJ^"""^" II ^''^ ^ refrigeration system. The heat 

ctnLp.^ H^.'^ evaporator is disposed of by the condenser. The condenser 

changes the high pressure and high temperature gas to a high pressure liquid 

The compressed heat laden gas must give up its heat before it can return to the 

Zt t^T T'^' T'""' accomplished in the condenser T e ra e 

heat transfer depends upon the following factors: 

1. Surface area 

2. Type of cooling medium (Air, Water) 

3. Temperature of the cooling medium 

4. Material 



5. Condition of the surface 

6. Amount of cooling medium 

The following three things uke place in a conden 
L Desuperheating 

2. Condensing 

3. Subcoohng 
Desuperheating 



Before any condensation can take place, the highly superheated ^.as must have the 
superheat removed from it This is called "desuperheating" and occurs Tthe dU- 
charge line and in the first few coils on the condenser. 
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After the superheat is removed, the gas is at its saturation temperature. At this 
point the gas gives up its latent heat and returns to a liquid. 

Subcooling 

After the gas has condensed to liquid, its temperature is still above that of the 
cooling medium. In the last coils of the condenser, the Liquid gives up sensible heat to 
the cooling medium. This is known as subcooling. 

You can prove the existence of these three functions by running your hand over a 
condenser that has been operating for an hour or so. The top coils will be much warmer 
than the middle coils. The middle coils will be warmer than the lower coils. 

There are three main types of condensers 

1 . Air cooled. 

2. Water cooled. 

3. Evaporative 

AER CCXDLED CONDENSERS. An air cooled condenser uses ambient air as the 
cooling medium. The two types of air cooled condensers ^re natural and forced convec- 
tion. Condensers are normally made of steel or cop't>er tubing, with or without fins. 

Some domestic refrigerators utilize natural circulation of air. These are equipped 
with condensers which consist of tubing mounted on the back of the refrigerator. By 
allowing a space between the box and condenser, air flows similar to that in a chimney 
and no fan is necessary. 

Maintenance for air cooled condensers is much less than that required for other 
types of condensers. For this reason, refrigeration systems of 100 tons are being 
built with air cooled condensers for use in cooler climates. 

Some disadvantages of using air cooled condensers in systems above three tons are: 

1. Higher head pressure results in greater operating cost and reduced umt efficiency. 

2. Power to drive the condenser fan is sometimes excessive. 

3. Condenser fan noise may become objectionable. 

All air cooled condensers must have adequate ventilation for the best results. 

WATER COOLED CONDENSERS The water cooled condenser uses water as the 
cooling medium. The capacity is controlled by regulating the amount of water through 
the condenser. Water cooled condensers have the following advantages over air cooled 
types- 

1. More compact. 

2. Higher heat transfer. ^ S 
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3. Lower head pressure. 

4. Increased condenalng unit capacity. 
The main disadvantages are: 

1. High water cost. 

2. Cooling tower oiaintenance. 

3. Cost of installation. 

Water cooled condensers are classified into three general groups: 

1. Shell and coil. 

2. Double tube. 

3. Shell and tube. 




REFRIGERANT 
GAS INLET 



WATER 
OUTLET 





SHELL 



COIL 




REFRIGERANT 
LIQUID OUTLET 



Figure 9 Shell and Coil Water Cooled Condenser 
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DOUBLE TUBE CONDENSER The double tube condenser is a tube within a tube. 
(See figure lu ) The refrigerant is between the inner and outer tube. The water flows 
in the opposite direction in the inner tube. This counterflow action gives high efficiency. 
The water used must be clean and free of minerals as the internal cleaning of the con- 
denser must be by chemicals circulated in the water. 



REFRIGERANT 
VAPOR INLET 

WATER 
OUTLET ? : 



WATER 
"INLET 



REFRIGERANT 
LIQUID OUTLET 



Figure 10 Double Tube Water Cooled Condenser 

SrtELL AND TUBE CONDENSERS. Shell and tube condensers are made of a steel 
shell with tube sheets at each end. Copper tubing runs from one of these sheets to the 
other. Iron heads bolt on each end of the '^ondenser. Water flows into one of these 
heads and out the other. The refrigerant is between the steel shell and the copper tubing. 
From a maintenance standpoint, this is the best type of water cooled condenser. The 
heads may be removed and the tubes cleaned out mechamcally with a revolving brush. The 
shell also serves a rpcpiver 



RE FRIGERANT FRIGERANT 




Figure Shell and Tube Water Cooled Condenser 



EVAPORATIVE CONDENSER. The evaporative condenser is cooled by water 
sprayed directly over the condensing coils. The evaporated water carries away the heat 
of condensation. The renoaming water drops to a sump under the condenser where 
It IS recirculated by a pump. A fan draws air over the condenser coils to increase the 
cooling capacity. Each pound of water ev<iporating on the condenser removes 970 BTUs 
of heat from the refrigeration system. (See figure 12 .) The evaporative condenser is 
designed to be used where the temperature varies from very hot to very cold in a year's 
time. 
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WATER VAPOR 
AND 

AIR OUT 




RE FRIGE RANT 
GAS IN 



REFRIGERANT . 
LIQUID OUT ^ 

AIR IN 



BLOWER 



L 



/1\ /N A A 



CONDENSER 



c 



CML 



MAKE-UP 
WATER VAi.VE 




WATER 
PUMP 



Figure 12 , Evaporative Condenser 
RECEIVERS 

The receiver is a storage tank for the surplus refrigerant in the system. Without 
a receiver m the system, the amount of refrigerant charge would have to be critical. 

The receiver is normally large enough to hold the complete refrigerant charge. 
This allows work on the low side without removing the refrigerant from the system. 
The two types of receivers are the vertical and horizontal The inlet is normally at 
the top and the outlet at the bottom. When the outlet is at the top, an internal pipe 
or dip tube extends to the bottom. This is to insure that a liquid seal is maintained 
at the outlet to prevent vapor from entering the liquid line. 

When msUlling a receiver, be sure that the internal pipe or dip tube is installed 
m the outlet port. 

Small refrigeration units do not have any method of determining the liquid level 
in the receiver. Sight glasses are sometimes used, but are not satisfactory due to 
the danger of breakage. 

The receiver should be about 1/3 to 1/4 full of liquid refrigerant when the system 
IS operating. This will leave room for the surplus refrigerant when the system is 
pumped down. 

A large system using a shell and tube water cooled condenser does not need a 
separate receiver. The bottom one-third ai the condenser is utilized as a receiver. 
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This application is referred to as a condenser-receiver. Care must be talcen to pre- 
vent over-charging the system. If any of the water coils are covered with liquid 
refrigerant the head pressure wiJi increase reducing the compressor efficiency. 

EVAPORATORS 

The evaporator absorbs heat from the refrigerated space and changes the low 
pressure refrigerant liquid into a gas. It is often referred to by such names as boiler, 
freezing unit, coil, and low side. The temperature of the evaporator must be lower 
than that of the refrigerated space. This will allow the heat in the refrigerated space 
to now into the evaporator. There are two basic types of evaporators, dry and flooded 

Classification of Evaporators 

Evaporators are classified under four groups according to their use, shape, size, 
application, etc; 

Type of Surface , Finned and prime, 

Operating Condition, Frosting, nonfrosting^and defrosting. 
Refrigerant Control, 

Circulation , Natural and forced convection. 

Frosting Evaporators 

A frosting evaporator is used when the temperature never goes above 32^ F in 
normal operation. The evaporators that are used in household refrigeration, frozen 
food storage and low temperature refrigeration are in this category. This type 
evaporator must be defrosted either manually or automatically, 

Nonfrosting Evaporators 

Nonfrosting evaporators are used when temperatures remain above 32° F at all 
times. This type evaporator is limited to high temperature refrigeration, such as 
in air conditioning, process cooling, the storage of bakery products, candy, vegetables, 
and dairy products. 

Defrosting Evaporators 

The temperature of a defrosting evaporator is below 32° F when the compressor 
IS operating and abov^ 32° F when the compressor stops. While the unit is operating 
the coil frosts up, but defrosts itself when the unit stops. Because of the nec":;oiiy 
of rapid heat flow during defrosting, forced convection evaporators are particularly 
adaptable to this type operation. 

Bare Tube or Plate Evaporators 

Bare tube or plate evaporators are normally used where the box temperature is 
below 32*^ F and in liquid cooling. These evaporators may be defrosted by scraping 
off the accumulated ice. This makes them ideal for use in cold storage areas and 
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A plate evaporator la made by sUmp- 
Ing out two plates to form tubes, and then 
weldlHg the plates together. Ancjther 
naethod d nMinufacture is to form a coil 
cover It with plates and weld the plates ' 
together. These evaporators are ua«d In 
lockers, cold storage plants, refrigerated 
trucks, and for fast-freezing orf food. For 
fast freezing of fooda, the evaporator serves 
as shelves and the food is placed directly on 
them. This arrangement allows a fast heat 
transfer from the food to the evaporator. 




F{g\ire 13 Bare Tube 
Evaporator 



Finned Evaporators 



add /uSi«*"»r'^d',i;''h„?,'^ These 




Figure 14. Finned Evaporator 
Forced Convection Evaporators 

v^.r,"^"^ ^ evaporator with a mechanical means of moving the air is a forced con 
the coTl." • ""'■""'^^ ^"'"^^^ ^ ^ "'-^ ^ '0 force the a5r thr°ou'gh 

. H J,^\^^'^^ be inclosed In a metal houslnK with openings for inlet 

L ev?n^^mSiTure?h;ruti"rth e^flcientTfhl r^i U n 

*ji even temperature throughout the refrigerated space. 

Special Evaporator Types 

The special evaporator types are modifications of the fundamental types of evan 
orator coils. They are designed for special uses. A few of the more imrortant Sow. 
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TANK TYPE COOLERS Tank type coolers consist of an evaporator coil submerged 
in a tank of liquid. This liquid is known as a secondary refrigerant. The secondary 
refrigerant may be either plain water or a brine. If the required temperature is below 
3 2 F, the secondary refrigerant must be a brine. 

Tank type coolers are used almost universally in the manufacture of ice. Milk 
coolers use a tank type cooler with plain water as a secondary refrigerant. The water 
acts as a "cold bank" device to prevent too great a temperature rise in the low side 
when warm milk is placed in the cooler. 

BAUDELOT COOLER The baudelot or tubular cooler is used exclusively for the 
cooUng of liquids. It consists of coils in a vi^rtical arrangement. There is a trough at 
the top provided with holes through which th? liquid Rows and trickles over the coils. 
The liquid collects in another trough at the bottom. The refrigerant is inside the coils. 
This type cooler is easy to keep clean and is used extensively where aerating is a factor. 

Shell and coil cooler. The shell and coil cooler is used in water coolers. 
The evaporator consists of an outside shell surrounding a spiral coiL The refrigerant 
IS inside the coil and the water to be cooled is between the shell and the coil. 

SHELL AND TUBE COOLER The shell and tube cooler is used in systems using 
a secondary refrigerant (brine or water). The refrigerant is in the shell and the 
secondary refrigerant is in the tube, 

SUMMARY 

The heat absorbed in the evaporator is dissipated by the condenser. The condenser 
changes the high pressure and high temperature refrigerant gas into a high pressure 
liquid. (Latent heat of condensation.) 

The air cooled condenser gives up its heat to air in direct contact. Two types of 
air cooled condensers are the natural convection and forced convection. 

The water cooled condenser gives up its heat to water circulating inside tubing. 
Three types are the double tube, shell and coil, and the shell and tube. 

The evaporative condenser is cooled by water sprayed directly on the condenser 
coils and evaporating. This type of condenser can be used in a climate that varies from 
hot to cold. 

The receiver is a storage Lank for surplus refrigerant in a system and allows sys- 
tem pump down. Two types are the horizontal and the vertical. Receivers are not 
installed m all systems. 

The evaporator absorbs heat from the refrigerated space and changes the low pres- 
sure refrigerant liquid into a gas. Evaporators are classified accorcbjig to their use, 
size, appbcation, circulation type of surface, and operating condition. Special evapo- 
rators are modifications of tn^^ fundamental types of evaporator coils. 
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QUESTIONS 

1. What are the six factors that determine the heat transfer rate from condensers 

2. What IS the purpose of the receiver'? 

3. What are the three groups ol water cooled condensers? 

4. What three events take place inside ail condensers'? 

5. What is the operating condition of a defrosting evaporator? 
6» Which coi*Je developes the highes* head pressure? 

7, How is the shell and tube cor.aenser cleaned? 

8, What cools the evaporative condenser? 

9, What IS the purpose of the dip tube m the receiver? 
10. How full IS the receiver during normal operation? 

REFERENCES 
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SECTION II 



REFRIGERATION COMPRESSORS 

OBJECTIVE 

To help you in learning the various types of refrigeration compressors, their de- 
sign features, operating principles and maintenance requirements. 

INTRODUCTION 

The heart is a very important part of your body. It is the pump that causes the 
blood to circulate throughout the body. The compressor in a compression refrigeration 
system may be compared to the human heart. A refrigeration specialist should make 
a complete study of the compressor, same as a doctor makes a complete study of the 
heart. 

REFRIGERATION COMPRESSORS 

By definition, a compressor is a device that will compress gases. T\^ function of 
a compressor is to remove the heat laden gas from the evaporator anJ raise the temp- 
erature of the gas above that of the cooling medium. 

Types of Refrigeration Compressors 

Not all refrigeration systems require the same type compressor. Some systems 
require a snaall volume of refrigerant moved with a high difference in inlet and outlet 
pressure. This difference in pressure is called differential. Some systems require a 
large volume of gas moved with a small pressure differential. The application and 
temperature range determine the type of compressor to use. 

The three major types of compressors are- 
1. Centrifugal 

Rotary 
3. Reciprocating 

C1\NTRJFUGAL COMPRESSORS. The centrifugal compressor compresses the gas 
by actijn of centrifugal force. The rotating impeller draws in gas near the shaft and 
discharges it at a higher velocity to the outside. This velocity is converted into pres- 
sure. The velocity is a function of the speed, and to develop the required pressure, the 
centrifugal compressor must be a high speed machine. 

Centrifugal compressors are built m one or more stages. The gas is pulled in by 
the first stage, compressed and dis tiarged to the suction side of the second stage. The 
second stage further compresses thv. gas and discharges it to the condenser. The more 
stages of impellers in series, the greater the final discharge pressure. 

This type of compressor is used with refrigerants that have a relatively Large gas 
volume, but small pressure differentials, rnchloromonofluoromethane (R-11) satisfies 
these requirements, but has a high boiling temperature. For that reason, centrifugal 
compressors are seldom used in systems that require temperatures below 32^F. 




ROTARY COMPRESSORS The rotary compressor compresses the gas by a 
squeezing acticjn. Refngtrant gas is reduced in volume and increased in pressure The 
compressor has few moving parts and can be manufactured rather inexpensively. 

cons^s'Js r\^T'^ compressor IS the stationary bUae. This type of compressor 

Jo « tThi. t K M '° maintains contact with the 

norts a J^n . i " 'P'""^^- The suction and discharge 

r.u H u ^'"^^^ °^ in contact with the 

cyUnder because an oil film seals the small clearance. Figure ]5 shows the action o 

m house ho Id'Tf', "^T" ^" -tary compressor is used met W 

in household refrigerators, but is now being made in larger si;.es for commercial units 
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Figure 15. Action of a Stationary Blade Rotary Compressor 

Another type of rotary compressor is the rotary blade. (See figure 16 ) It consists 
of a cylinder and a rotor contaming a number of blades. The center of the rotor is e 

rntf ZTu °' T^"^ ^ ^--11 clearanc between th^ 

rotor and the cylinder with the oil film maintaimng the seal. oet^een tne 

wh.ii^nfh h""'^/' ^^^"^'^ 'P^^"« 1°^^^^ ^° hold them against the cylinder 
the adi ^e^t^tr. " "."'"h"^'^ ''''' the'suction Jitt jn 

l^ the Ind f^. ^V'*'"'' ^" ""^ increased m pressure and isrschar^e<d 

o 1 t ^ '■e-ol^tion. These compressors are usually operated at motor s3ed 
m order to reduce the size of the unit. When a rotary compressor is idle the oTfilm 
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between the rotor and the cylinder is 
severed. The high pressure would 
then flow back into the low pressure side. 
A check vulve must be provided in the 
suction line of the compressor to prevent 
the hot, high pressure gas from backing 
up into the evaporator. The equalizing 
of pressure within the compressor is an 
ad\^antage because it allows easy starting. 
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RECIPROCATING COMPRESSORS 
The most common refrigeration compres- 
sor used today is the reciprocating type. 
It IS used with refrigerants that have a 
low volume of gas per pound and a high 
differential, such as R-12, R-22, and ammonia. The reciprocating compressor is 
dependable, durable, and easy to maintain. (See figure 17,) 



Figure 16. Rotary Blade Compressor 
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Figure 17. Reciprocating Compressor 

Operating: Principle. To evaluate compressor performance better, 
Specialist must understand the operating principles of compressors. 



the refrigeration 



The piston at the top of its stroke is at top dead center. Both discharge and suction 
valves are closed. As the piston moves downward, the suction valve opens and gas 
flows into the cylinder until the piston reaches the bottom of its stroke. The piston is 
at bottom dead center and both valves are closed again. As the piston starts back up, the 
pressure in the cylinder rises until it is above the pressure in the high side, thus open- 
ing the discharge valve. The piston can then force the gas in the cylinder out into the 
high side. The piston continues to move upward until it reaches top dead center. At 
this point the discharge valve closes and the cycle is completed. 
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Compressor Maintenance 

If the compressor does not operate correctly, the system will fall to do its job 
This could cause the loss of fcx>d, damage to equipment or personal discomfort Any 
one of these rtsult in added expense to Air Force operation. 

One of the symptoms of a defective compressor is noisy operation This could be 
caused by a loose pulley, worn or damaged pistons, worn connecting rods, or improper 
lubrication. Normally, a loose pulley only requires tightening while defective pistons 
or co-uecting rods require a con:.plete overhaul. Improper lubrication if found in 
time, would require only the adding of oil. Before adding oil, always check for leaking 
j:asKets or shaft seals. ^ 

U high suction pressure is noticed, the most Ukely cause is a leaking suction valve 
To check for leaking suction valves, front seat hhe suction service valve and observe 
the low side manifold gage. If the compressor cannot pull this small volume down to 
-0 hg, the suction valves are defective. This can be corrected by instalUng a new 
valve plate assembly. If a new valve plate assembly is not available, the old valve plate 
may be lapped and new valves used. When lapping a valve plate, use a "figure 8" mo- 
tion and fine lapping compound. 

During the inspection of a system, if a low head pressure is noticed, the most hkely 
cause IS leaking discharge valves. Other items to check when inspecting the compres- 
bor IS the tension and aUgnment of the drive belt. The drive belt may be checked by 
turning the unit off and placing your finger on the center of the belt. If the tension is 
correct, you should be able to move the belt up and down one-half inch on small units 
and one inch on larg.; units. The tension of belts is very important. Loose belts slip 
and wear quickly, b€'lts that are too tight will stretch, weaken and eventually break. 

The alignment of the flywheel and motor pulley is very important to good operation 
ana belt life. All belts should run straight and true without vibration. Check to make 
sure that the motor shaft is parallel with the compressor shaft. 

These are only a few of the things that you should know about compressors Many 
other troubles might develop, but as your experience in refrigeration grows, your 
ability to analyze and correct these problems will increase. 

SUMMARY 




There are three types of compressors with each having a different principle of 
operation. The centrifugal compressor compresses the gas by centrifugal force the 
rotary compressor by a positive displacement squeezing action, and the reciprocating 
compressor by positive displacement of a piston reciprocating in a cyUnder. 

The shaft seal is installed m open type compressors to form a leak-proof seal be- 
tween the compressor body and the rotating shaft. Four types are the stationary bellows 
rotating bellows, replacement and the diaphragm. 
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Compressors will ^ve years of dependable service with proper maintenance. If 
the compressor does not operate correctly, the system will faiL 

QUESTIONS 

1. What is the principle of operation of the centrifugal compressor? 

2. Why is the discharge valve spring loaded? 

3. What IS the purpose of the shaft seal? 

4. Name the three types of compressors. 

5. What is staging in centrifugal compressors? 

6. Which compressor uses a blade to separate the low from the high pressure side? 

7. What would cause excessive noise in a reciprocating compressor"^ 

8. What would be the cause of high suction pressure in a reciprocating compressor"^ 

9. What is the purpose of the valve plate? 

10 . Which compressor Is used with R- 11 ? 
REFERENCES 
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SIMPLE REFRIGERATION SYSTEM 

OBJECTIVE 

To help you in learning how to dptermine the correct tubing size for refrigeration 
systems, to assemble a simple refrigeration system, and the methods for evacuating 
ann charging a refrigeration system and checking it for leaks. 

INTRODUCTION 

A simple refrigeration system is composed of four basic units- Compressor, 
condenser, refrigerant control, ar.d the evaporator. 

The proper installation of these components is necessary to obtain satisfactory 
and troubie-free operation. Careful attention to details and good workmanship pay 
dividends in better appearance and operation. Each installation should be carefully 
planned and sketched, and a list of materials should be compiled. These steps will 
save time and prevent costly changes on the job. 

After the refrigeration system has been assembled, the air must be removed, 
the entire installation must be tested for leaks, and the proper amount of refrigerant 
must be added. The success or failure of the installation depends on the thoroughness 
and care with which these things are accomplished. 

SAFETY WHILE WORKING ON REFRIGERATION EQUIPMENT 

The following rules must be observed to prevent personnel injury or damage to 
eauioment 

1 3e careful around exposed moving parts. Do not get your fingers caught un a 
fan pullev, or gear train. 

2. When disassembling components, place parts well back from edge of work 
bench to prevent injury to feet from falling objects or damage to equipment. 

3. Pick up tools, pieces of tubung, etc., from floor. 

4. Be careful of pointed tools, especially when fabricating tubing. 

5. Watch where you point the flame when soldering or leak testing. 

6. Wipe up spilled oil immediately. 

7. Do not use a sharp pointed instrument to scrape ice from an evaporator. 
3. Be sure the high pressure safety switch is not set above proper limits. 
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ASSEMBLY OF A SIMPLE REFRIGERATION SYSTEM 



The tubing work may be started at either the evaporator or the compressor The 
size of lines must first be determined. When installing the suction Line two things are 
very important, pressure drop between components and oil return. Pressure drop 
between components should not exceed 2 psi as it will cause starving of compressor 
affecting it's pumping capacity. When excessive pressure drop is encountered the lines 
should be checked for shaxp bends, fittings and long lines of tubing. In normal instal- 
lation the size of line will be the same as the fittings on the compressor but where the 
lines are over 25 feet in length the next size larger line should be used. The oil return 
to the compressor is accomplished by the movement of gas in the line. If the line Is too 
large the oil will be slow in returning to the compressor. This line should, if possible, 
always slant downward to the compressor to avoid forming an oil trap. The size of the 
liquid line should be of sufficient size to ensuie full refrigerant flow to the refrigerant 
control at the highest heat load. 

The tubing connections between the evaporator and compressor should be run in 
the most direct manner possible and should be supported so that there is no strain on 
the tubing. The supports should be close enough together so that there will be no 
sagging. 

In connecting two units together with copper tubing it may be necessary to form a 
loop or bend in the tubing to absorb any vibration. Failure to do this could cause work 
hardening and the tubing to break. The correct size for the loops radius is 5 to 10 
times the diameter of the tubing used. 

Soldering Refrigeration Lines 

When heat is apphed to copper in the presence of air, copper oxides form on both 
the exterior and interior tubing surfaces. Wlien the system is put into operation these 
oxides flake off and circulate through the system. They stick in the refrigerant controls, 
the compressor valves, and on the cylinder walls. 

Oxides can be prevented by isolating the section of line being soldered and drifting 
dry nitrogen gas through it at a rate of 200 feet per minute. The nitrogen will replace 
the air inside the tubing and oxides cannot form. The nitrogen is inert and will not com- 
bine with the copper. Pressure in a nitrogen cylinder at room temperature is about 
2400 p.s.i.g. , far above the bursting pressure of refrigeration system components. A 
pressure reducing valve must be used when connecting a nitrogen cylinder to a refrigera- 
tion system. 

Use a soldering flux of the correct type. Avoid those that contain acid and ammonia. 
These compounds have a harmful effect on copper. 

Soldering fluxes are chemically active and reasonable care must be observed. 
Keep the flux out of the inside of the tubing. The way heat Is applied can draw flux into 
the tubing. Make a few test joints to observe the flow of solder and flux. Saw the test 
joint to expose the longitudinal section. This will indicate the correct amount of heat, 
solder, and flux to use and also the correct application of heat. 
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Flux should be appUed sparingly to the tube surface before the joint is assembled. 
When applying flux, keep it well back from the end of the tube. 

Apply the heat evenly to the joint until the flux begins to melt. Then apply the heat 
around the circumference of the joint until the flux is drawn into the Joint. Heat the 
tube until it is hot enough to melt the solder to insure drawing the solder well into the 
joint. Do not allow the flame to melt the solder by direct contact. 

Never attempt to solder a leak in a Une that contains a small amount of refrigerant 
gas There may not be enough pressure to mdicate on the gage, but when heat is ap- 
pUed to the Une, the refrigerant gas expands and the pressure mcreases enough to blow 
the^ melted solder out of the joint. Vent the tubing to the atmosphere before applying 

SEPARATI^'G SOLDERED JOINTS. When servicing a refrigeration system it Is 
:requentl> necessary to separate a soldered connection, repair a leak, or repUce some 
'.ornponent. Never apply heat to a Une that contains refrigerant pressure. The hazard 
o( Une rupture or refrigerant propelled molten solder is always present. 

Do not unsolder a connection in a Une that is under a vacuum. Not only air and 
moisture, but also the melted solder wiU be drawn into the system. The solder will 
form into small balls that wiU clog the strainer and refrigerant control valves and may 
aamai;e the compressor. 

Some local oxidation will be caused by the appUcation of heat. Clean each of the 
matmg parts before resolderlng the connection. 

TESTING FOR LEAKS 

Leaks are one of the major refrigeration troubles because refrigerant is lost 
and a.r with moisture may enter the system. Air and moisture are serious contam- 
inates Which may cause the oil and refrigerant to break down and form corrosive 

^)roaucts. 

hp n!:,T'!^ the system for a leak test. The test pressure m small installations may 
adv s h,". T r T ^^^^ I" l^^ge systems it is sometimes 

advisable to test the system at pressures greater than two or three times normal 
operating pressure by using nitrogen or carbon dioxide. 

Always use a pressure reducing valve when pressure checkmg with nitrogen or 
carbon dioxide. Nitrogen produces a pressure of 24 00 p.s.i.g. and carbon dioxide pro- 
duces a pressure of 800 p. s. i. g. at normal room temperatures. 

Never use oxygen as a pressure booster. Oxygen is an oxidizer and will cause a 
violent explosion ui the presence of oil. 
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Charge the system with sulficient refrigerant to maintain a pressure of 60 PSIG 
throughout the system. After the pressure has stablized, leak test every connection 
and joint, 

A leak in a halocarbon system may be detected by the use of a halide leak de- 
tector. The detector fuel may be either propane, alcohol or acetylene. Air for 
combustion is drawn in through a hose at the base of the burner The flame burns 
through a copper plate to help break down the refrigerant vapor. 

The detector search hose is held near t!te suspected leak and if any refrigerant 
IS present, the flame color changes to indicate a leak. This type of leak detector is 
capable of detecting the presence of refrigerant gases in quantities as low as 20 parts 
per million or one pound of refrigerant leaking out in seven years. 

To use the halide leak detector, explore each joint in the system. Explore a- 
round each gasketed surface, soldered or brazed joint and threaded connection. 
Small leaks may produce a very slight change in the color of the flame. 

Always use a pressure reducing valve vhen pressure checking with nitrogen or 
carbon dioxide. Use a relief valve in the charging line when pressurizing a system. 
This relief valve must be set low enough to eliminace the possibility of rupturing some 
part of the refrigeration system. 

Always use a check valve in the refrigerant line when pressurizing with an inert 
gas. This wiU eliminate the possibility of contaminating the refrigerant in the cylinder. 

Never use oxygen as a pressure booster. Oxygen is a very active ^as and may 
cause an explosion in the presence of oil. 
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REPAIRING LEAKS 

Leaks are usually found at soldered or brazed joints, flare connections, gasketed 
joints, and seals. When a leak is found, mark it and continue to check the complete 
system before making repairs. 

If a soldered or brazed connection is leaking, vent the line to the atmosphere 
and resolder or braze. If the leak is around a threaded connection, it is usually 
better to completely remake the connection using a good pipe compound. It may be 
possible to stop the leak by tightening the connection. 

If the leak is at a flare connection, it is usually best to remake the flare. It may 
be possible to stop the leak by tightening the flare nut. However, over-tightening of 
the flare nut will weaken the flare and it may break after bemg in operation a short 
ame. Tightening the flare nut will not correct a poorly made flare. 

Where the leak is through a gasketed surface, disassemble the two matmg surfaces 
and remove the old gasket. If the metal surfaces are scratched or warped, they must 
be lapped. The best procedure is to use a lapping block, but if one is not available 
use a piece of plate glass. 

After the metal surfaces are clean, apply a thin coat of refrigerant oil, use a new 
gasket and reassemble. Correctly mated surfaces should not require the use of gasket 
compounds . 
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If a leak is tound at a seal, replace the seai. Under emergency conditions it xa 
permissable to lap the seal surfaces. However, this procedure should be used oaly 
for temporary repairs. 

The number of leaks in the system can be reduced by following these very 
important seeps. 

1. Improve your soldering and brazing techniques. This includes the correct method 
of applying the heat, cleaning procedures, use of fluxes, and the correct type and 
amount of solder . 

2. Use bends in the tubing or vibration eliminators to reduce vibration. 

3 Support the tubing to reduce undue stresses. 

4 Use soldered joints instead of flared connections d possible. 

5 Always use a good thread compound when making threaded connections. 

6 Most important of all, use good workmanship in everything you do. A system 
that appeals to the eye usually operates efficiently. 

EVAC JATING 

Newly installed systems and existing systems that have become contaminated with 
moisture and foreign gases must be evacuated before they will perform properly. The 
evacuating procedure is performed by using a vacuum pump. 

Double Evacuation 

Approximately 29/30 of the original air mass is removed when the system is 
reduced to a 29 inch vacuum Pressurizing to 60 psi and then re-evacuating will 
reduce the air mass to approximately 1/900 of its original amount. Under these 
conditions the system should be relatively free from moisture and foreign gases. 

Under emergency conditions the system compressor may be used to evacuate the 
system. However, refrigerant compressors are not designed for high vacuums and 
continued use under high vacuums will damage the compressor. 

Care of Vacuum Pumps 

The purpose of the vacuum pump is to remove air and water (in the form of vapor) 
from the refrigeration system. EXiring the evacuating procedure the water vapor and 
the oil in the pump come In contact with each other. The oil will absorb the water 
vapor until the vapor pressure of the water in the oil is so high that the pump cannot 
maintain a high vacuum. The oil in small vacuum pumps should be changed after 
approximately 10 hours of operation. 
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oil that contains a large amount of absorbed moisture loses Its lubricating pro- 
perties. A large number of vacuum pumps are danuged each year because the oil 
has not been changed often enough. 

When evacuating a large system or where the vacuum pump is used in the shop 
under continuous operation, a cold trap between the refrigeration^ system and the 
vacuum pump will eliminate the water vapor from coming into contact with the vacuum 
pump oil. 

CHARGING THE SYSTEM FOR OPERATION 

There are two methods of charging a system. After a little experience, it is 
easy to determine which method is best suited for each application. These two 
methods are vapor charging and liquid charging. Vapor charging is used on small 
systems, whilo liquid charging is usually used on large systems. 

It IS sometimes difficult to determine when a system is correctly charged. No 
one method will work in all applications. Each system, the units in it, its tempera- 
ture range and application, must be considered when deternumng the correct 
refrigerant charge. 

The following guide lines wiU help you to determine the correct charge m 
various systems. Experience, trial and error are necessary before you become 
competent in determining the correct charge in a refrigeration system. 

Sight Glass in the Liquid Line 

The most common method of determining the correct charge in small systems 
is the use of a sight glass in the liquid line. If there are no bubbles in the sight glass, 
it is assumed that the system is correctly charged. However, this assumption can 
be wrong. If the sight glass is located near the outlet of the receiver, a restriction 
in the liquid line may reduce the flow of refrigerant enough to eliminate babbles in 
the sight glass even li the system is only half charged. If the sight glass is located 
near the expansion valve, a restriction in the liquid line will cause but)bles in the 
sight glass even if the system is overcharged. The use of a sight glass at the outlet 
of the receiver and another at the inlet of the expansion valve will give a good 
indication of both the system charge and possible restriction in the liquid line. 

Sight Glass in the Receiver 

A sight glass in the receiver will indicate the amount of liquid refrigerant in the 
receiver. A system is correctly charged when the unit is operating normally and 
the receiver is 1/4 to 1/3 full. 

System Without Sight Glass 

It IS difficult to determine the correct charge of refrigerant m a system without 
a sight glass. The following steps are helpful in determining the correct charge, 
however, they are only indications. 
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1. 



Install the autniiold gage a«Mmbly. 



2. Attach a thermometer to the evaporator outlet. 

3. Run the compressor and after about ten minutes, read both gages and the 
thermometer. 

4. Record these readings. 

5. Add refrigerant as a gas into the low side. 

6. Close the refrigerant cylinder valve. 

7. After operating the unit about ten minutes, read both gages and the thermometer. 

8. Record these readings and compare them to the readings in step 4 above. 

9. Repeat steps 3 through 8 until there is no change in the reading. 

10. Allow enough cime for the system to reach equilibrium and then read the 
thermora^ter. 

IL Convtrt the thermometer reading to refrigerant saturation temperature. Use 
the reirlgerant temperature pressure relationship chart, allow 2^ for tem- 
perature difference through the wall of the tubing. The suction pressure read- 
ing and the saturation temperature of the refrigerant should correspond. 

12. Add a small amount of refrigerant and observe the thermometer for any change. 
No changes indicate that full liquid flow Is being supplied to the expansion valve. 

Critical Charged System 

A critically charged system Is charged by weight. Charge the system on a 
weight basis according to the manufacturer's specifications. Use a scale or a 
charging panel to measure an exact weight of refrigerant. 

There are several other methods d determining the correct charge In a refrig- 
eration system. They all Involve the pressure, temperature, and frost line at various 
points In the system. These methods will work in some cases, but In others, they 
give a false indication. Most of these shortcut methods should not be used until you 
have considerable experience. 

SUMMARY 

A simple refrigeration system Is composed of four components and interconnecting 
refrigerant lines. All components must be Installed In the proper sequence with the 
correctly sized tubing. 

The refrigeration system must be free of leaks. After a system Is fabricated, 
a leak test naust be noade. All leaks are located, repaired and retested. 

Air and moisture In a refrigeration system may cause system failure. To prevent 
this, the system is evacuated with a vacuum pump to remove all contaminating gases, 
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The last step in fabricating is to charge the system with refrigerant. The mo0t 
common method of determining a fuU charge is the sight glass in the liquid line. 

QUESTIONS 

1, List, in sequence, the four components of a simple refrigeration system. 

2, How can axides be prevented when soldering a line? 

3, How does a haiide leak detector indicate a leak'> 

4, How is a leak at a flare connection repaired'? 

5, Why is a system evacuated twice with a vacuum pump? 

6, How is the sight glass in the liquid line used when charging a system? 

7, What determines a full charge in a critical charged system? 

8, How does an excessive pressure drop in the suction line affect the system? 

9, Which soldering fluxes should not be used with copper tubing? 
10, Why is oxygen not used as a pressure booster? 

REFERENCES 

1. Modern Refrigeration and Air Conditioning, Althouse and Turnquist 

2. Commercial and Industrial Refrigeration, Nelson 

3, Refrigeration, Air Conditioning and Cold Storage, Gunther 

4, AFM 85-18, Maintenance and Operation of Refrigeration, Air Conditioning, 
Evaporative Cooling, and Mechanical Ventilating Syrtems 
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SG 3ABK54530-in- 4 
COMPRESSOR CHECKS AND TROUBLE ANALYSIS 
SECTION I 
COMPRESSOR CHECKS 

OBJECTIVE 

To help you m learning to cneck and troubleshoot refrigeration compressors. 
INTRODUCTION 

Troubleshooting a complete retrigeration system is a long and complicated pro- 
cedure. To aid m learning troubleshooting, only a small part of the procedure wUl be 
covered at a time. Section I of this study guide covers compressor checks such as: 
shaft seal checks, compressor valve checks, oil level check, and operational checks. 

FJNCTIONS OF THE REFRIGERATION COMPRESSOR 

A brief review of the purpose and function of compressors will aid the serviceman 
in evaluaUng performance and diagnosing malfunctions. 

The compressor is a pump similar to the human heart; it circulates the refrigerant 
through the various lines iuid components in the refrigeration system. 

The compressor has two main .anctions: 

1. To remove the heat laden vapors from the evaporator. 

2. To compress the heat laden vapors (gas) from a low pressure/low temperatur'i to a 
"^Z"^ pressure/high temperature. 

The tempei-ature of the gas (as it flows Into the condenser) must be higher than the 
temperature of the cooling medium. This allows the high pressure /high temperature 
gas to lose Its heat to the cooling medium and condense into a liquid, 

CHECKING A REF^ ^GERATION COMPRESSOR 

Before attempting to determine the cruise of a malfunction in a refrigeration compres- 
sor, make a visual check of the compressor for evidence of abuse or oil leaks. Pay 
particular attention to the shaft seal and the head and valve plate gaskets. After comple- 
ting the visual check, instaU the manifold gage assembly and perform an operational 
check. IXiring the operational check, Dbserve the low and high side gages for abnormal 
pressures and check the compressor v abnormal noises or vibration. 

Noise and vibration can be caused by such things as: broken valves, a broken piston, 
badly scored crankshaft, faulty connecting rod, or burned out bushings or bearin^rs. It 
may be necessary to disassemble the compressor before you can determine the exact 
cause of the malfunction. 
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Suction Valve Check 

The valves in modern compressors are designed to give years of satisfactory 
performance. However, they will eventually wear out and leak. A leaky suction 
valve IS usually caused by abnormal wear, pitting, copper plating, foreign matter 
stuck under the valve, or in very rare cases, a broken valve. 

A high suction pressure and a low discharge pressure indicates an inoperative 
suction valve. To check for a leaky suction valve, front seat the suction service valve 
and operate the compressor. If the compressor will pull a vacuum of 20 inch Hg, 
the valve is satisfactory. If the compressor does not pull the correct vacuum, it will 
be necessary to replace the valves and valve plate. In emergencies, it is permissible 
to lap the valve seats instead of changing the complete valve plate. 

Discharge Valve Check 

The same things that cause the failure of suction valves can also cause failure of 
the discharge valves. However, the discharge valves are also subjected to two other 
major causes of malfunctions which are: 

1. Operating the system with tne discharge service valve front seated. This is 
usually caused by inexperienced personnel trying to service refrigeration 
systems. 

2. Pumping liquid. Refrigeration compressors are designed to pump vapor only. 

If a slug of liquid refrigerant or oil gets in the cylinder, the discharge valve may 
be damaged when the piston tries to force the liquid through the valve. 

The discharge valves of small, slow speed compressors may be checked by 
front seating the discharge service valve. Operate the compressor intermittently 
(ON and OFF) until the discharge pressure reads a minimum of 150 PSIG. Do not 
exceed the setting of the high pressure safety switch. Stop the compressor and check 
the high side manifold gage. A rapid drop in pressure indicates a leaking discharge 
valve. 

Shaft Seal Checks 

Shaft seals are a constant source of trouble in an open type compressor refrig- 
eration system. The hermetic compressor was designed as a means of eliminating 
the shaft seal. 

The purpose ot the shaft seal is to provide a gas tight seal between the compressor 
body and the rotating shaft. Since parts of the shaft seal move, there will be some 
wear and eventually some leakage. A little leakage can be tolerated, but If it is 
necessary to add refrigerant more often than once a year, the shaft seal should be 
replaced. 

Oil around the shaft seal indicates a leak. However, mere presence of oil does 
not mean that the shaft seal has to be changed. One manufacturer designs shaft seals 
to leaic a little oil. 

There are two checks to be made when a leaky shaft seal is suspected. They are 
the equalized pressure check and the operational pressure check. The equalized 
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pressure check is performed by stopping the compressor and allowing the low side 
pressure to equalize with the high side pressure, check the shaft seal with a leak 
detector. It may be necessary to cap the center line port of the manifold gage assem- 
bly and opon the low and high side manifold hand valves to allow the pressure to 
equalize more rapidly. If you do not find a leak during the equalized pressure check, 
perlorm an operational pressure check. Operate the system until both the high and ' 
low side pressures are normal, check the shaft seal with a leak detector. 

Compressor Oil Level Check 

Oil IS necessary for the lubrication of the compressor. It has a tendency to 
leave the compressor and migrate throughout the system, leaving a thin film of oil 
on the inside r : all the pipes and tubing. This oil uim reduces heat transfer to some 
degree. 

The oil in a refrigeration system does not burn, wear out or disappear. Once 
oil IS placed in a system, it stays there unless it leaks out 

Do not add oil just because the oil level in the compressor is a little below the 
correct level. If the oil has not leaked out it is still in the system and will eventually 
return to the compressor. 



The compressor oil should be checked after repairing a leak or when instailing 
a new compressor. A ter a compressor has set for any period of time, refrigerant 
has a tendency to condense and dissolve in the oil. Before checking the oil, operate 
the system until the compressor body becomes warm. This will cause any'dissolved 
refrigerant to boil oat of the oil. 



Semi-hermetic compressors and large tonnage compressors are equipped with 
oil level indicators. The n:unufactarer's specificitions should be used to determine 
the need for oil in these units. 



SUMiMARY 



When a refrigeration compressor malfunctions, a visual check should be made. 
Check the shaft seal and all gaskets for evidence of abuse or oil leakage. 

If the compressor can be operated, install the manifold gage assembly and per- 
form and operational check. Observe the gage pressures and check the compressor 
for abnormal noise and vibration. 

When the low and high side pressures are abnormal, the compressor valves may 
need replacing. Perform a suction valve check and a discharge valve check. 

Oil around the shaft seal indicates a leak. Operate the compressor and check the 
seal with a halide leak detector. Check again with pressures equalized. 

The compressor oil should be checked after repairing a leak or when installing 
a new compressor. Do not add oil unless necessary as it will leave the compressor 
and reduce heat transfer. 
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QiJESnOt^S 

1. What suction pressure reading indicates an unsatisfactory suction valve? 

2. What c: ecka are performed on the compressor shaft seal? 

3. What can cause noise and vibration In a compressor? 

4. What does high suction pressure and low discharge pressure indicate'? 

5. When should the compressor oil be checked? 

6. What type of compressor eliminates the shaft seal? 

7. Which compressors are equipped with oil level indicators? 

8. What normally causes failure of compressor valves? 

9. What is usually damaged when liquid gets into the compressor cylinder'? 
10. What indicates a leaking discharge valve during the discharge valve check? 

REFERENCES 

1. AFM 85-18, Maintenance and Operation of Refrigeration, Air Conditioning, 
Evaporati^ e Cooling, and Mechanical Ventilating Systems 

2. Data Book, American Society of Refrigerating Engineers 

3. Modern Refrigeration and Air Conditioning, Althouse and Turnquist 

4. Commercial and Industrial Refrigeration, Nelson 

5. Refrigeration, Air Conditioning, And Cold Storage, Gunther 
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SECTION n 
TROUBLE ANALYSIS 

OBJECTIVE 

-H 7°!"^^^ IT" '° analyze, locate, and determine remedial action to 

eliminate malfunctions in a simple refrigeration system. 

INTRODUCTION 

^« Jrl!^' ^'f' ^'"^^ ^'""''^ '° ^" a s^n^Ple refrigeration 

system, such as. compressor noise, vibration, high head pressures restrictions 
Charge, and refrigerant component troubles. The more complex \roubles iil 
be covered in later blocks of the course. u"oies wui 

•itPnTTn^* analysis is an orgamzed process of elimination of troubles. The first 
step to follow IS to install the manifold gage assembly and perform an operatio^ 
while in l'"""' " '° determine the malfunctions imSeJS eT 

7He !lrt tr^T""Vr '° '^'"^ components before de^n^^ng 

!I w^k Lie" ^ '^'^ ^" observation and analysis may save h^s 

TYPES OF TROUBLES 
cate^Viesr""^'"" "^"^^^ ^ classified within one of the following 

1. Electrical 

2. Refrigerant control 

3. Refrigeration 

Electrical troubles can cause many problems. A knowledge of refrieerant con- 
sols i^-wntlal before attempting to troobleshoot these devicTs ^he I^Ses 
^cu«ed in this text will be Umlted to refrigeration troubles utilizing ^ysiai"wB 
«Dd heat tranter fundamentals. Mort refrigeration troubles can be ^^^^tZ 
Sitrm°^ fundamental principles ol operation ol a compressionrTr^Uor 

REFRIGERATION TROUBLES 

r^rHl* procedure to use for diagnosing refrigeration troubles is to check the 

SST^^'^h^'cti^ "'h^^h"* ^ properly Si^^ed 

^ISki^s * P""^" correspond to pressTe-LmpeSture 



(^4 



Suction Pressure 

^rJ^^^°1 P""*"*^^ °^ indicated by the compound gage should corre- 

i^ond to a temperature approximately 2-4'^F less than the tempSSre crfa 
thermometer placed against the evaporator surface 
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LOW SUCTION PRESSURE . A low suction presaure can be caused by any oi the 
following conditions: 

1. Low charge. 

2. Obstructed Uquld line. 

J. Restricted air flow over the evaporator surface. 
Low Charge 

A low charge will cause the following conditions: 

1. Bubbles In the sight glass . 

2. Hissing at the expansion valve. 

3. A warm suction line. 

4. Low suction pressure. 

5. Low high side pressure. 

8. Warm evaporator. 

Since these conditions can also be caused by a restriction In the liquid line , It may 
be necessary to check both possible malfunctions to determine which is causing the 
trouble. 

A refrigeration system found to be undercharged may have a leak *^h^t has ailowed 
some refrigerant to escape. Find and repair ail leaks before recharging. 

Restrlctlonjs that cauBe low auctloii pressure are usually found at scrMns, valves, 
capillary tubes, and soldered Joints. A restriction In the liquid line is usually Indicated 
by a drop In temperature at the point of restriction. A total blockage of the line can 
usually be found very easily. However, sometimes It beconaes a r«al problem to deter- 
mine the exact location of a partial restriction. Restrictions are usually caused by dirt, 
wax, small pieces of metal, solder, or collapsed tubing. 

After the restriction has been found the cause of the restriction should be determined 
and corrected. If the restrlctioD was caused by dirt or wax, the whole system may 
need cleaning before returning it back to operation. 

Air Passage over the evaporator. Anything that restricts the flow of air over the 
evaporator will cause low suction pressure. In natural convection evaporators, this is 
usually caused by excessive frosting or Improper arrangement of the food in the box. 
In forced convection evaporator systems. It is usually caused by an Inoperative fan or 
a dirty evaporator coil. A dirty filter will cause the same condition In an air condi- 
tioning system. 
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HIGH SUCTION PRESSURE. A high suction pressuw can be caused by any of the 
lollowlng conditions; 

1. Faulty refrigerant control. 

2. Inefficient compressor. 

3. High beat load. 

4. High head pressure. 

Inefficient Compressor. After several years of operation, the valves, rings and 
pistons become worn and result in low compressor capacity. When this condition' is 
found, repair or replace the compressor. 

High Heat Load. A refrigeration system is designed to handle a specific heat load. 

t^a'^ZT ^ Z"^' "'"^^ P'-^^^-". head pres^re, 

and possible motor bum out. During initial start up the equipment must operate under 
an excessive load due to the warm temperature of the refrigerated space. It may then 
be necessary to use an additional fan to cool the compressor and condenser. 

hIgH HEAD PRESSURE. Excessive head pressure will reduce the compressor 
capacity, cause the unit to become noisy, and increase the operating cost. High head 
pressure can be caused by an overcharge of refrigerant, noncondensible gas in the con- 
denser, cooUng medium too hot, flow of cooUng medium restricted, or a dirty conden- 



Overctarge of Refrigerant. U the unit is overcharged, purge the excess refriger- 
ant to the atmosphere and charge by the use of the sight glass or by weight as speckled 
by the daU plate located on the unit. ^ ^ ^ 

Noncondensible Gases in the Condenser. Noncondensible gas is defined as "those 
gases that will not condense in a normal refrigeration system. " Normally, nonconden- 
sible gases are referred to as air. Noncondensible gases can enter the syrtem during 
^tenance or when there is a leak in the low side and the low side pressure drops 
below atmospheric pressure. If air is found in the system, purge it to the atmosphere 
through the discharge service valve. 

When air is found in the system, the low side must be checked very closely for 
leaks. Air in the system indicates the presence of moisture. 

'^'^ Oc«^«l°'^lly. boxes and materials are stacked in such 

a way that the discharge air from the condenser will be recirculated through the con- 
denser. If it is necessary for the unit to operate in a boiler room or any hot area it 
may be necessary to use a water cooled condenser. 

The water temperature of a water cooled condenser is seldom too hot. It usuaUy is 
cooled by recirculation through a water cooUng tower. 

w.tp?'?^K'^^1!l!°'.^''"'^?''^- ^"d algae growth will restrict 

water How through pipes and tubes in water cooled condensers. Instruction later in the 
course will designate the procedures to be used to clean pipes and tubes in water cooled 
condenser systems. 
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Air cooled condensers should be located to avoid restricted air flow over the 
surface to help reduce the head pressure. 

Dirty Condenser Surface. Condensers are usually coated with dust and ^ease films 
if located in mess halls, clubs and cafeterias. Condenser surfaces usually can be 
cleaned with a high pressure air hose, and a special cleaning compound can be used to 
remove grease. 

LOW HEAD PRESSURE. Low head pressure can be caused by a low charge, an 
inefficient compressor, and extremely cold cooling medium, or an excessive amount of 
cooling medium over the condenser. Most refrigerant controls are designed to operate 
with a pressure drop of at least 60 p.s.i.g. from the high to the low side. If the pres- 
sure drop IS below 60 p. s.i.g. , the amount of refrigerant passing through the refriger- 
ant control will also be reduced. This results in a starved evaporator. The head pres- 
sure can reduce to such a degree that flashing will occur in the Uquid Une, causing 
bubbles in the sight glass. This would give an indication of a low charge of refrigerant. 

Low Charge. A low charge results in a reduced amount of heat removed from the 
evaporator. The condenser has less heat to dissipate, causing the head pressure to 
remain low. 

Cooling Medium Too Cold. A cooling medium that is too cold occurs often in air 
cooled condensers installed in cold area. It may be possible to restrict the air flow 
through the condenser or supply air at room temperature to the condenser. Where 
several condensing units are being used, it may be possible to install them in an equip- 
ment room and maintain the room temperature between 70*^ and lOC^F. This procedure 
is often used in supermarkets and large drug stores. In water cooled units, restricting 
the flow of water will usually raise the head pressure. 

EVAPORATOR TROUBLES 

Ice and frost on an evaporator surface forms an insulated layer, which reduces 
heat transfer. This will cause an increase in box temperature and possible food 
spoilage. Evaporators should be clean and free of excessive frost. Specially designed 
scrapers are used to remove frost from large plate type evaporators. DO NOT USE 
SHARP POINT OBJECTS TO SCRAPE ICE AND FROST FROM EVAPORATORS. 

GENERAL OPERATION 

The general operation of the system is very important in diagnosing refrigeration 
troublea Such things as short cycling, erratic or continuous running, and abnornaal 
frosting of the suction Une should be noted and considered when attempting to deter- 
mine the cause of a refrigeration malfunction. 

A modem refrigeration system should be comparatively quiet. The faint hum of 
the motor and perhaps a subdued cUcking of the compressor valves should be expected 
as normial. A hissing sound at the refrigerant control indicates a low refrigerant 
charge. Any loud noises coming from the compressor indicate a mechanical defect. 

Refrigeration systems are designed to operate smoothly and free of noise and 
vibration. Excessive noise is usually derived from three sources: motors, compres- 
sors, and tube or pipes. 



Noisy Motors 



Looae mounting bolts or worn bearings will cause excessive vibration and noise as 
the unit operates. The suggested remedies to remove these troubles are ^ tighten 
motor mounting boUs, replace bearing and lubricate the motor according'to the manu- 
facturer's specifications. * 

Compressor Noise 

Installed factory shipping bolts, low oil level, and excessive head pressure will 
cause compressors to vibrate, ping, and knock during operation. The removal of in- 
stalled shipping bolts and the removal of the causes of high head pressures from the 
compressor will eUminate excessive compressor noise. The oil level should be 
checked and oil added according to the manufacturer's speclflcaUons. 

Noisy Pipes and Tubes 

V h^^r^ H^T ^ "^^"^ P^'^'^^ to absorb 

vibration will eliminate these troubles. 

SERVICE CHARTS 

K T^'T^^^^^ "P^^^^^^y ^^^P^^^ to beginners in analyzing troubles. These 
nO^/J .Tw ''''^^ " ^ experience and skill are obtained, the use 

of these charts will become less Important. 

SERVICE CHART NO 1 
COMPLAINT- Compressor Noisy and Runs Too Much 



OBSERVATIONS I POSSIBLE TROUBLE 



Head Pressure High 1. Condenser dirty 



Suction Pressure 
Normal to High 



Air to or from the 
condenser restricted 

Condenser area 
poorly ventilated 

Insuflicient water to 
the water cooled 
condenser 

Water pressure too 
low 



REMEDY 



Clean condenser 
Remove restriction 



Ventilate area or use 
water cooled condenser 

Remove restriction in 
water line 



5. Install larger pump 



6. Supply water too 
warm 

7. Air in system 



7. 



Use water cooling tower 
or evaporative condenser 

Purge 
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SERVICE CHART NO 2 
COMPLAINT- Condensing Unit Runs Too Long or Continuously 



OBSERVATIONS 



POSSIBLE TROUBLE 



I REMEDY 



j Evaporator: 
Entirely or 
I partially 
' defrosted 

Suction Line- 
Warm 

i Suction Pressure- 
I Higii 

i 

j Head Pressure- 
Low 



1. Low compressor 
efficiency 

2. Belt slipping 

3. Low voltage 



4. Condensing unit 
overloaded 

5. Condenser too 
small 

I 6. Low compressor 
I efficiency 



1. Repair compressor 



2. Tighten belt 

3. Report low voltage to 
proper activity 

4. Use larger condensing 
unit 

5. Use larger condensing 
unit 

6. Repair or replace 
compressor 



ERLC 



54 



SE.WICF CHART NO 3 



COMPLAINT Unit To*. Noisy 



OBSERVATIONS f POSSlliLE 71^0UBLE 



REMEDY 



Compressor- 
Noisy 



Motor- 
Noisy 



Complete Unit 
Noisy 



SUMMARY 



1 Compi eb^ ' 1 mounting 

^. 'Shipping buits 
insiailcd 

3 Beit sqjoa .3 



Oil level to. low 
Oil level to<^» high 
All in system 



O/F r charge of 
refrigerant 



8. Compifssor worn 



L Needs iubncatlon 

I '^ruslies squeak 

I Motor i:* aiings worn 

4. Mounth.g bolts loose 

5. Loose pulley 



] Pip'^-- Ti.'d tubes 



L Tighten bolts 

2. Remove shipping 
bolts 

3. Check pulley for aug- 
ment. Use belt 
dressing 

4. Add oil 

5. Remove excess oil 

6. Purge 

7. Remove excess 
refrigerant 

8. Repair or replace 



! compressor 


1. 


Oil 


2. 


Replace motor 


3. 


Replace motor 


4. 


Tighten 


5. 


Tighten 



Install vibration 
eliminator or coUs 
in line 



Trouble analysis 1^ an nr-^nize i nrocess of elimination of possible tioubles. 
Install the manifold ffUf^e a.^.^t i fV . operate the system if possible. Check the 
pressure readings with j u mpr rnturr -pressure chart and thermometer. 
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Refrigeration troubles can be identified into specific conditions Low suction 
pressure, low charge, restrictions, high suction pressure, inefficient compressor, 
high heat load, high head pressure, overcharge of refrigerant, cooling medium too' 
hot or too cold or restricted, dirty or clogged condenser, low head pressure, exces- 
sive frost on evaporator, and noisy motors, compressors, and tubing. 

Service charts are designed as a guide for the beginner with little experience. 
These charts list common complaints with related observations, possible troubles, 
and their remedy or repair. 

QUESTIONS 

1. What are the causes of low suction pressure'^ 

2. Where are restrictions that cause low suction pressure found'? 

3. What are three causes of noise in compressors? 

4. What are the results of a high heat load? 

5. How is grease removed from the surface of a condenser'? 

6. What is the corrective action for a cooling medium that is too cold? 

7. What IS aone in the event of a refrigerant overcharge? 

8. Why IS excessive frost on an evaporator undesirable? 

9. What IS the purpose of service charts'? 
10. What causes high head pressure'? 

REFERENCES 

1. Commercial and Industrial Refrigeration, Nelson 

2. Modern Refrigeration and Air Conditioning, Althouse and Turnquist 

3. Refrigeration, Air Conditioning and Cold Storage, Gunther 

4. AFM 85-18, Maintenance and Operation of Refrigeration, Air Conditioning, 
Evaporative Cooling, and Mechanical Ventilating Systems 
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FREEZING AND BaUNG TEMPERATURES OF UQUIDS 

OBJECTIVE To be able to determine the freezing point of water, the freezing point 
of a brine, and the boiling point of water. 

FREEZING TEMPERATURES OF UQUIDS 

1. Determine the freezing point of water as foUowa: 

a. Pour Nfc^ter into a beaker until it is 1/4 full (see figure 1.) 



THERMOMETER 



BEAKER 



ICE CUBES 



WATER 



Figure 1. Determining Freezing Point of Water 

b. Add ice cubes to the beaker unMl it is one-half full, 

c. Place a thermometer into the ice water mixture and wait for the temperature 
to remain constant. When it does, the freezing temperature of the water 
has been reached. 




What IS the temperature'? 



op 



2. 



What IS the meUipg point of the ice in the beaker*? 
Deterrine t^e freezing point of a brine as follows- 

a. Add table salt (NaCl) to the water slowly and stir. Continue adding salt and 
stirring until t 2 brine is saturated. Do not over-satunte with salt (maximum 
23% salt by weight). 



1 



Place a thermometer in the brine and wait for the temperature to remain 
constant. When it does, the freezing temperature of the brine has been 
reached, 

^Vhat IS the temperature "> ojr 
BCXUNG TEMPERATURE OF LIQUIDS 

NOTE Liquids of different chemical compositions boil at different temperatures. 
This IS very important In the study of refrigeration. 

1. Determine the boiling point of water as follows: 

a. Pour water Into a beaker until it Is approximately 1/2 foil. 

b. Using a Bunsen burner, heat the water until it boils. 
What Is the boiling temperature of the water'? 

c. Increase the amount of flame under the beaicer. 
^V)es the boiling temperature Increase? 

Is It possible to Increase the boiling temperature of water? 
If yes, explain: 



2. Have the instructor check your work. 



Checked by 

Instructor 
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MEASUREMENT OF HEAT AND TEMPERATURE 

OBJECTIVE To be able to determine the amount of heat contained in a BTU, how 
heat IS measured in BTUs, how the Intensity of heat Is measuied, and the kind of heat 
being added to the water, as heat is applied. 

MEASUREMENT OF HEAT 




BEAKER 



WATER 



BUN SEN 
BURNER 



Figure 2. Measuring Heat of Water 

Weigh or measure one pound ^500 mi) of fresh water (H2O) and pour it into a 
large beaker. (See figure 2.) 

Insert a thermometer in the water and observe the temperature. 
What IS the temperature*? ^F 

Light a Bunsen burner and adjust the flame to the size of a large kitchen match 
flame. 

Place the flame under the beaker and watch the thermometer. 

NOTE: A flame about the size cd a kitchen match will require approximately 
30 seconds to raise the temperature of a pound of water one degree. 

When the temperature rises ten degrees, how many BTUs have been added to 
the water*? BTUs 



Continue to heat the water until it boils. 

a. At what temperature did the water boi^'? 

b. Did the temperature continue to rise''* 



erJc 



c 
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8. Increase the size of the flame. 

a. Did the water get any hotter Why'? 

b. Is heat being added to the water? 

c. If so, what IS the name of the heat? 

d. How much heat will have to be added to boil all the water away*? 

e. Is It possible to boil water at a temperature above 212° 

f. Is so, how? 



Have the instructor check your work. 

Checked by 

Instructor 



Sb 
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SENSIBLE HEAT, LATENT HEAT, AND CHANGE OF STATE 

OBJECTIVE: To know the difference between sensible heat, latent heat, and be able 
to determine the amount of sensible heat required to change Ice to water. 

SENSIBLE HEAT OF ICE 

1. Weigh one pound of crushed ice (if not available use ^ce cubes) and place it in a 
large t>eaker. 

NOTE. Ice must be below 32^ F so that sensible heat can be added. 
What IS the temperature of the ice? 

2. Add heat slowly with a Bunsen burner until the ice starts to melt. 
How much sensible heat has been added? BTUs 

LATENT HEAT OF MELTING (Change of State) 

1. Continue to add heat until all of the ice has melted. 

a. What IS the temperature of the water*? op 

b. How much latent heat is required to melt a pound of ice*? BTUs 
SENSIBLE HEAT OF WATER 

NOTE Use a high temperature thermometer. 
1. Add heat until the water boils. 

a What IS the temperature? of 

b. How much sensible heat has been added to the water between its freezing 
point and boiling point? BTUs 

LATENT HEAT OF VAPORIZATION (Change of State) 

1. Add heat until all of the water has boiled away. 

a. How much latent heat was added*? BTUs 

b. What are the three states of H20'^ 
and 

2. Have the instructor check your work. 

Checked by 

Instructor 
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IDENTIFICATION OF REFRIGERATION SYSTEM COMPONENTS 
OBJECTIVE To be ^le to trace the refrigeration cycle and give the function of each 

1. Color figure 3 aa directed by your instructor. 

2. Connect the trainer to the electrical power source. 

3. Operate the trainer. 

to t^l\oZesi:r"''°" °' '''' °^ connected 

5. The warm line is the 

6. The ccol line is the 

7. Feel the air aa it leaves the condenser. 

CAUTION: DO NOT get your hand in the fan or drive belt' 

8. Where did this heat come from originally'? 

9. Feel the air near the evaporator. 

10. Why does this air feel cool? 

11. Have the instructor check your work. 



Checked by 



Instructor 
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□ Low Pressure Liquid 

□ 0.1 

Figure 3. 
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TRANSFERRING REFRIGERANT 

OBJECTIVE To be able to use refrigerant transfer equipment, handle refrigerant 
cyUnders, and transfer refrigerant. 

PROCEDURES 

1. Place the large storage cyUnder in the rack in an inverted position. Why is 
this position necessary*^ 



CAUTION- You are handUng Liquid refrigerant. Be safe. Wear goggles and gloves. 

2. Remove the cylinder cap and install a cylinder adapter. 

3. Remove a 2.S-ponnd service cylinder from the \yalk-in box and weigh it uain« the 
scales provided. 

4. Connect a flexible Une between the storage cylinder and the service cylinder. 

5. Open the valve on the storage cyUnder. 

6. Loosen the Qexible line at the service cyUnder and allow a small amount of 
refrigerant to escape. Why is this step necessary'? 



7, Open valve on service cylinder. 

B. Mlow the r^riger^Lnt to flow into the service cylinder until the weighing scales 
reads 36 pounds 4 

9, Close the valve on the storage cylinder and then, after a short pause, the 
valve on the service cylinder. 

10. Slowly remove the flexible line from the service cylinder. 

CAUTION This line may still contain a small amount of liquid refrigerant. 

Checked by 



Instructor 
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LOCATION. IDENTinCATION. AND MAINTENANCE OF 
CONDENSERS, RECEIVERS, AND EVAPORATORS 

OBJECTIVE: To be able to Identify varloua types ol condenaera, receivers and 
eraporators, and 11^ the purpose, principles ol operation and maintencnce require- 
menis ol condensers, receivers, and evaporators, 

1, In^)ect each of the listed trainers and fill out the required blanka. 

a. Small Walk-In Box 

(1) Evaporator 

(a) Type 



(b) Advantages 

(c) Limitations 
(2) Condenser 

(a) Type 



(b) Maintenance Requirements 



b. Large Walk-In Box 
(1) Evaporator 
(a) Type 



(b) Normal application d this type evaporator 



(2) Receiver 
(a) Type 



(b) What would happen li this r>ceiver was installed In an upright 
position? 
(3) Condenser 
(a) Type 



(b) Principle ol Operation 



9 / 



(c) Application linUtationa 

(d) Major maintenance requirements 



100- Ton Air-Coodltioning System Trainer 

(1) ETvaporator 

Type 

(2) Coodenaer 

(a) Type_ 

(b) Location 

(c) Why is the condenser not Insulated? 



3 - Too Alr-CondUionlng System Trainer 

(1) Evaporator 

U) Type coU 

(b) Manufacturer 

(2) Condenser 

(a) Type 

(b) Method of cleaning 

(3) Receirer 

(a) Type 

25- Ton Ali^ Conditioning System Trainer 
(I) Condensers 

(a) Identify the three condensers of the 25-ton trainer located outaide 

the building: 

10 



Water 
Tower 






1 

2 

3 ^ 

(b) Explain the major difference between a water cooling tower and an 
evaporative condenser: 



(c) a the three types of condensers installed on the 25 ton trainer, 
which would be the most satisfactory in: 

1 Cdd climates 



2 Hot and dry climates 

3 Climates that varied from very cold to very hot during a 
year's time 

(d) What IS the purpose of the duct in front of the air cooled condensers'^ 



Have the instructor check your work. 



Checked by 

Instructor 
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DISASSEMBLING A COMPRESSOR 
OaiECTIVE. To be able to disassemble and repair a refrigeration compressor. 

1. Remove the oil plug (1) and drain the oil. 

sy^e^m ^^'^^'^ ^ destroyed. Old oil is never used in a refrigeration 

2. Place the compressor in an upright position and remove the ten compressor 
head retaining bolts (2). H^caaui 

3. Remove the compressor head (3) by tapping it lightly with a mallet. 

4. Remove the valve plate (4) and suction strainer (5). 

5. Remove the suction valves (6). 

6. Remove the suction valve retaining pins (7). 

7. Turn the compresso.- upside down and remove the ten base plate retainine 
bolts (8). * 

8. Remove the base plate (9) by tapping lightly with a mallet. 

9. Remove the nut from the eccentric lock bolt (10). This nut is located between 
the eccentrics. You can not take out the bolt until the eccentric shaft has been 
removed. 

10. Remove balance weight retaining bolts (11) and then remove balance weights (12). 

11. Remove thrust bearing plug (13) and thrust bearing (14). 
Remove shaft seal cover plate (15). 

Insert a brass drift in the compressor body and drive the eccentric shaft forward 
1/2 inch. This should loosen the shaft seal. 
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14. Remove the shaft seal (16). Make sure you remove the seal ring from the 
eccentric shaft and its packing. 

15 Line up the Woodruff keys (17) with the key way in the compressor body (25) 
This key way is located in the top of the shaft seal housing. 

CAUTION Damage to the comprt -.or may result if the key way is not lined 
up properly. 

18. Have the instructor check to make sure the Woodruff keys are lined up with the 
key way. 



12 n • 



17. Tap out the eccentric shaft (18) by uaing a brass drift and a mallet, 

18. Remove eccentric (19) and connecting rod (20), 

19. Inspect piston (21), piston pin (22), connecting rod, oil check valve (23) and 
eccentric. ' 

20. Have mstructor check your work. 



Checked by 



Instructor 



i; 
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Figure 4. Reciprocating Compressor Parts 
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REASSEMBLY OF COMPRESSOR 

OBJECTIVE To be able to identify proper tools, reassemble a compressor, and 
check a compressor for correct operation. 

REASSEMBLY PROCEDURES 

h uay out all parts as illustrated in figure 4. 

2, Inspect each item for evidence of wear, cracks, rough handling, etc. 

3, Have the instructor check each questionable item. 

4, Discard rejected parts and procure new replacements as required. 

5, Install connecting rods on eccentric. 

NOTE. When installing the connecting rod on the ecc trie, check the direction 
of rotation of the compressor. The compressor shoulu run clockAvise when 
viewing the crankshait from the ilywheel end. This allows the oil dipper on the 
eccentric to pick up oil and force it to the piston pin and connecting rod bearings, 

6, Insert eccentric shaft lock bolt in the eccentric, (Do not tighten the nut. ) 

7, Place the piston and eccentric assembly in the compressor body. 

CAUTION Exercise extieme care when inserting the pistons in the cylinders. 

8, Check the direction of rotation. 

9, Insert the eccentric shaft, 

NOTE: Hold the eccentric in place and line up the Woodruff keys in the shaft 
with the slots in the eccentric and compressor body. After getting everything 
lined up, tap the end of the eccentric shaft lightly with a mallet, 

10, Replace thrust bearing and thrust bearing plug. 

11, With the eccentric shaft tight against the thrust bearing, adjust the eccentric to 
permit . 010" clearance between the eccentric and the compressor body bearing 
surface, 

NOTE, This adjustment has an important bearing on the correct amount of seal 
tension, 

12, Tighten the nut on the eccentric shaft lock bolt, 

13, Install balance weights, 

NOTE Use lock washers under the heads of the bolts, 

14 
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14. InsUll base plate and gasket (24). 

NOTE: Be careful that the four compressor mourning holes m the flanges of the 
c^ndVn^g" it^^se.°"^' " ^^"^^ when^mou^.r t^e^ 

15. Insert the suction valve retaining pms m the top of the compressor body. 

16, Replace the suction valves. 

17, Install a valve plate gasket (26), 

18. Install valve plate, 

19. Install compressor head gasket (27). 

20, Replace compressor he^d, 

21. Install compressor head retaining bolts. 

22. Install seal rmg (28) on eccentric shaft, 

23, Install shaft seal bellows and gasket (29). 

24, InsUU shaft seal cover plate, 

25, Install shaft seal cover plate retaining bolts (30), 

rciation' ^^^^ ^^y-^^^l PuUey to check for freedom of 

27, Have the instructor check your work. 

Checked by 



Instructor 
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INSTALLING A MANIFOLD GAGE ASSEMBLY 

OBJECTIVE; To complete a refrigeration system drawing and install a manifold 
gage assembly on a refrigeration system, 

CONNECTING A SYSTEM 

1. Study the arrangement of the components in figure 5, 

2. Place the name of each item In the space provided. 

3. Draw all necessary lines to complete a simple refrigeration system, 

4. Draw the position of all manifold gage valves and service valves for installation 
and draw lines connecting the manifold to the system. 

5. Have the instructor check your work. 

Checked by 

Instructor 

STEPS FOR INSTALUNG A MANIFOLD GAGE ASSEMBLY 
L Close both manifold valves, 

2, Remove the dust cover from both compressor service valves. 

CAUTION: Clean the area before removing the dust covers and gage port caps. 

3, Place both compressor service valves In the back seat position by turning the 
valve stems counterclockwise, 

4, Remove service valve gage port cover caps. 

5, Connect the low side gage line of the manifold gage assembly to the compressor 
suction service valve gage port. 

NOTE: All flexible line connections shoold be finger-tight only. 

6, Connect the high side gage line of the manifold gage assembly to the compressor 
discharge service valve gage port, 

7, Place both compressor service valves in the gage position, 

8, Slightly open each manifold valve momentarily and then close again, 

9, Why IS step 8 necessary'^ 
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10. Have Instructor ch«ck your work. 
Checked by 

Instructor 





Figure 5. System Components 
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ASSEMBLING A REFRIGERATION SYSTEM 

OBJECTIVE. To be able to draw a refrigeration system and label the units, fabricate 
lines and assemble a complete system. 

PREPARATION FOR ASSEMBLY 

I. Using your own symbols, make a sketch of the refrigeration system to be 
assembled and label all the units. 



2. Lisi all tubing required- 

Size Approximate Length 

a. 

b. 

3. Lis^ the number, size and type of flare nu^s required 

Size and Type Number Required 

a. 

b. 

c. 
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4. Ask the instructor to check completed steps. 

Checked by: 



Instructor 

ASSEMBLING SYSTEM UNITS 

1. Cut a piece of tubmg the correct size and length to be used as a suction Ime. 
What would an undersize suction line cause 



Flare and make a spiral loop in the suction line. 

NOTE: The radius for a loop should be 5 to 10 times the diameter of the tubing. 
Why IS a loop between the evaporator and compressor? 



Install the suction line between the suction service valve and the evaporator outlet. 
CAUTION: Do not over tighten ihe flare nuts as the flare might be cut off. 
What type of flare nut must be used at the evaporator outlet 
Why '> 

Why IS It necessary to always slant the suction line down to the compressor? 



5. Attach a sight glass about six inches from the receiver in the liquid line. 

dTshou^ltt thf'reL''"'' °^ ^^^-^ -"'^ 

6. Fabricate the liquid line to the inlet of the refrigerant control. 
NOTE: Place a loop in this line. 

7. Have the instructor check your work. 



Checked by: 

Instructor 
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CHARaNG FOR LEAK TEST 
OBJECTIVE: To charge a simple refrigeration system for leak testing. 

1. Install the manifold gage assembly. 

2. Close both nianifold gage valves. 

3. Place both compressor service valves in the gage position. 
Why should ^he service valves be in the gage position? 

4. Connect the middle port of the manifold gage assembly to a refrigerant cylinder 
using a flexible charging line. 

How tight should these connections t>e? 

5. Piit on safety goggles. 

Why is this step necessary*? 



CAUTION: Be sure that the refrigerant cylinder is in an upright position. 

6. Open the refrigerant cylinder valve a minimum of 1/2 turn. 

7. Loosen the middle flexible line connection at the manifold gage assembly to 
purge the air out of the line. 

8. Tighten the flexible line connection. 

9. Open both manifold valves enough to let the refrigerant from the cylinder enter 
the system. Both gages should indicate 60 PSIG or more. 

10. Close both manifold gage valves. 

11. Close the refrigerant cylinder valve. 

12. Have the instructor check your work. 

Checked by 

Instructor 
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USING THE HALIDE LEAK DETECTOR 

OBJECTIVE: To use the halide leak detector to leak test a simple refrijreration 
system. ^ 

1. Open the needle valve slightly to start fuel gas flow. 

2. Ignite the gas at the detector tip. 

3. Using the needle valve, adjust the flame to about an mch above the reactor plate. 

4. Observe the reactor plate until it becomes heated to a cherry red color. 

5. Using the needle valve, re-adjust the flame to 5/8 inch above the reactor plate. 

6. Explore for leaks by moving the end of the search hose around aU joints and 
connections. 

NOTE: The search hose must be moved slowly. 

7. Observe the flame for a possible color change. A smaU leak will be indicated by 
a green flame. A large leak wUl be indicated by a purplish- blue flame. 

CAUTION: Be careful of any phosgene gas that may develop. 

8. Have the instructor check your work. 



Checked by 

Instructor 
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EVACUATING PROCEDURES 
OBJECTIVE: To evacuate a simple refrigeration system with a vacuum pump. 

1. Lnstall the manifold gage assembly. 

2. Purge any refrigerant pressure from system. 

3. Connect the center flexible line to the vacuum pump as illustrated m figure 6. 

CAUTION- Be sure to connect the hose to the correct fitting or the vacuum pump 
may be damaged. 




VACUM 




Figure 6. 

4. Position the manifold gage valves, service valves and king valve as illustrated 
in figure 6. 

5. To start the vacuum pump turn the start switch to the start position and then 
release. The switch will return to the run position. 

CAUTION- If this is not done correctly damage to the pump could result. 
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^/S^e!*' ^""^ approximately 29" of mercury shows on the low 

7. Cloae both manifold gage valves. 

NOTE: If system has a leaJc the vacuum will not hold when the valves are closed 
If the system haa a leaJc repair it and repeat steps 3, 4, 5, 6, and 7 

8. Stop the vacuum pump. 

9. Have the instructor check your work. 



Checked by: 

Instructor 
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CHARGING A SYSTEM FOR OPERATION 

OBJECTIVE 

To charge a refrigeration system for operation. 

1. PREOPERATIONAL CHECK 

a. Insure that trainer is unplugged. 

b. Check for loose or frayed electrical wiring. 

c. Check for loose or broken refrigeration lines. 

d. Check pressure setting on high pressure control to ensure that it is not set 
above 200 p.s. i. 

e. Insure that trainer is grounded. 

2, OPERATIONAL CHECK 

a. Wear protective goggles. 

b. Insure that both compressor service valves are in the gauge position. 

c. Insure that the king valve is in the open position. 

d. Plug trainer into the UO-volt outlet. 

e. Insure tools are not in a position to fall into the condenser fan and compresaor 
fly wheel while trainer is In operation. 

f. Connect a refrigerant cylinder to the center flexible line of the manifold 
gauge assembly. 

g. Open cylinder valve one half turn. 

h. Purge the air from the charging line at the center port of the manifold 
gauge assembly. 

i. Slightly open the low side manifold gauge assembly, 
j. Start the compressor. 

k. Adjust the low side manifold gauge valve to maintain approximately forty 
p.s.i.g. on the compound gauge. 

1. Observe the sight glass. 

What condition is indicated by bubbles in the sight glass? 




CAUTION: Do not leave your trainer while you are charging. 

24 
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m. As soon as bubbles in the sight gUss disappear, close the low side manifold 
gauge valve to stop the charging process. 

n. Let the refrigeration system operate for several minutes. 

NOTE: If bubbles do not reappear, the unit is fully charged. 

3. POST OPERATIONAL CHECK 

a. Close the refrigerant cylinder valve. 

b. Remove the charging line from the refrigerant cylinder. 

c. Remove your safety goggles. 

d. Have instructor check your work. 

Checked by 

Instructor 
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OPERATIONAL CHECK 

OBJECTIVE To perform aji operational check on a simple refrigeration system, 
compute head pressure, check the refrigerant charge, determine the evaporator 
temperature, and check the condenser temperature. 

1. Record position of all valves for normal operation: 

a. Compressor discharge service valve 

b. Compressor suction service valve 

c. Rereiver valve (king valve) 

d. Low side manifold valve 

e. High side manifold valve 

2. Operate the system until pressures and temperatures stabilize before proceeding 
i.0 the next step. 

3. Compute system head pressure. 

a. Ambient air temperature is ^F. 

b. Head pressure should be PSIG. 

c. Head pressure is PSIG. 

d. Is this pressure normal at this ambient temperature? 

4. Note sight glass for refrigerant charge. 

a. Sight glass indicates the system is . 

5. Place thermometer on evaporator surface. Wait until temperature stabilizes. 
Compare converted thermometer reading with low side gage. 

a. Reading on thermometer ^F. 

b. Reading on compound gage PSIG. 

c. If converted thermometer reading is different than low side gage what is 
possible trouble? , 

6. Check the ambient air temperature at the Inlet of the condenser with a 
thermometer. 

a. Temperature reading ^F. 

CAUTION: DO NOT TOUCH CONDENSER FAN BLADE WITH THERMOMETER 
OR HAND! 
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Check the ambient air temperature at the outlet of the condenser with a 
thermometer. 

Temperature reading ^T. 

Is the condenser transferring heat to the cooling medium? 

Give reason: 



Check the condition of the condenser. 

a. Are the fins straight? 

b. Is the surface clean? 

c. Check security of mounting. 

Results: 

d. Check for restricted air flow. 
Results: 

Have the instructor check your work. 

Checked by: 

Instructor 
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PUMP DOWN 

OBJECTIVE: To be able to pump down a simple refrigeration system, 

1. Position of all valves for system pump down: 

a. Compressor discharge service valve 

b. Compressor suction service valve 

c. Receiver valve (king valve) 

d. High side maiiifold valve 

e. Low side manifold valve 

2. Operate the system until the compound gage reading remains between 1 to 5 PSIG. 
The system is then pumped down. 

NOTE: System may have to be started and stopped a number of times before 
pressure remains 1-5 PSIG. 

3. SHUTDOWN PROCEDURES 

a. Turn off system 

b. Unplug trainer from 110 vol^ power supplv 

c. Back seat compressor service valves 

Q. Purge and remove the manifold gauge assembly 

e. Install dust covers and port caps 

f. Clean unit 

4. Have instructor check your work. 

Checked by^ 

' Instructor 
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COMPRESSOR aL LEVEL CHECK 



OBJECTIVE: To be able to position service valves for an oil level check, interpret 
nnanifold gage pressures, and determine compressor oil level. 

1* Install nunifold gage assembly. 

2. Position all valves for nornal operation. 

3» Purge air from the manifold gage assembly and flexible lines. 

4. Operate the compressor until the compressor body is warm or until the 
refrigerant has been removed from the cil. 

5. Turn off the compressor. 

6. Front seat the suction service valve. 

7. Pump the compressor crankcase down to between 1 to 5 PSIG, compound 
pressure gage. 

CAUTION: GOGGLES SHOULD BE WORN FOR THE NEXT STEP! 

8. Remove the oil plug slowly. 

9. Check the oil level in the compressor with a clean dip stick. Satisfactory oU 
level should range between 1-1/4** to 2-1/2*' in depth (Figure 7). 



10. Add oil only if necessary. 

NOTE: Do not add excessive oil to compressor. Excess oil will cause the 
compressor to pump oil and reduce compressor efficiency. 

11. Replace oil plug loosely in the compressor. 




_ MAXIMUM OIL LEVEL 2-1/2** 



MINIMUM OIL LEVEL 1-1/4 



Figure 7. 
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.z. crack the compressor suction service valve momentarily from the front seat 
position to purge air from the compressor crankcase. 

13. Tighten the oil plug. Use 3/4" box-end wrench. 

14. Return the compressor suction service valve to the gage position. 

15. Clean up your work area of any spilled oil. 

16. Have the instructor check your work. 



Checked by: 

Instructor 
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COMPRESSOR VALVE CHECKS 
OBJECTIVE: To be able to check compressor suction valves and discharge valves. 
SUCTION VALVE CHECK 

1. Install the manifold gage assembly. 

2. Place all valves in the normal operation position. 

3. Purge air from manifold gage assembly and flexible lines. 

5. Front seat the suction service valve. 

6. Operate the system until the compressor pulls down to a 20" Hg vacuum. 

7. Record the suction pressure reading. 

pro'blblyTd'''"' "'^ ' °' '"^^ valves are 

9. During normal operation, what would indicate a leaky suction valve ' 



10. Return the suction service valve to the gage position. 

11. Stop the compressor. 
DISCHARGE VALVE CHECK 

1. Be sure the compressor is NOT operating. 

2. With the manifold gage instaUed, front seat the discharge service valve and 
gage the suction service valve. ^ service valve and 

S^HTl°^- EXCESSIVE HEAD PRESSURE CAN BLOW THE COMPRESSOR hfao 
OFF IF THE HIGH PRESSURE SAFETY SWITCH FAILS! ^^^^^^^SOR HEAD 

^' M^nr.^ ^°7««f or intermittently (ON and OFF) until a minimum of 150 
PSIG pressure is indicated on the high pressure gage. 

^" UJ!!""! high pressure gage indicator needle closely. A rapid drop in nressure 

JS:"e ^^'""'"""^ '^^^^ pressure indicated a le^^'L'cL'rg"' 

vaive A moderate drop in pressure with the needle stopping at normal ooera 
tional head pressure indicates a good discharge valve ^ 



(0 

5. Record your observation: ^ 



6. Your observation in step 5 indicates a discharge valve. 

7. Return the discharge service valve to the gage position. 

8. Have the instructor check your work. 



Checked by 

Instructor 
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COMPRESSOR SHAFT SEAL CHECKS 
OBJECTIVE: To be able to check compreMor shaft seals for leakage. 
OPERATIONAL CHECK 

1. InstaU the manlfoid gage assembly. 

2. Position ail valves for normal operation. 

3. Operate the system for a minimum of 5 minutes. 

4. Check the shaft seal with a halide leak deiector while the compressor operates. 
CAUTION: BE CAREFUL OF ALL MOVING PARTS ! 

5. Watch color of flame for any change: 

a. Green - small leak 

b. Purplish blue - large leak 

6. Record your observation: 



EQUALIZED PRESSURE CHECK 
1. Turn off the compressor. 

a. Remove the center flexible line from the manifold gage assembly. 

3. Cap the center port of the manifold gage assembly with a compressor service 

gage port cap. Leave this cap loose for purging. 

4. C^n the high side manifold gage assembly valve momentarily to purjre air 
from the manifold gage assembly. 

5. Tighten the cap on the manifoid gage assembly. 

6. SlighUy open both manifold gage assembly valves to by-pass pressure from high 
to low side of the system. 

7. N<Ae pressure readings on the compound and high pressure gages. Both frames 
should read equal pressure. 

8. Check the shaft seal with a halide leak detector when pressures have equalized. 
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9. Record your observations: 



10. Close both manifold gage assembly valves. 

11. Carefully remove cap from the center mamfold gage assembly port and install 
center flexible Ime in its place. 

12. Have the instructor check your work. 
IJ. Shutdown Procedures 

a. Turn off system. 

b. Unplug trainer from UO-volt power supply. 

c. Back seat compressor service valves. 

d. Purge and remove the manifold gage assembly. 

e. Install dust covers and port caps. 

f. Clean unit. 

14. Have instructor check your work. 



Checked by 



Instructor 
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Section 1 

USING THE TROUBLE ANALYSIS CHARTS 

OBJECTIVE: To be able to use trouble analysis charts to locate troubles in a 
refrigeration system. 

1. Install the nxanifold gage assembly. 

2. Cerate the unit if no hazardous condition is apparent. 

3. Using the Trouble Analysis Charts in Student Study Guide 3ABR54530-in-5 
Section U, fill In the inforniation in the blank columns of the chart below. 



OBSERVATIONS 


TROUBLE 


1 

1 REMEDY 


1. 


1. 


1 

1. 


2. 


2. 


2- 

1 


3. 


3. 

1 


3. 
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OBSERVATIONS 



TROUBLE 



REMEDY 



t 

I 


i 4. 

I 

1 

i 
1 

1 

1 

1 


. 4. 


1 5. 

I 

! 
1 
1 


i 5. 5. 

! 

' 1 

1 

1 
1 

i 
1 

! 


1 

t 

i ^• 


6. 


1 




4. Have the instructor check your work. 



Checked by: 



Instructor 
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Section 2 

SERVICE VALVES AND MGA VALVES POSITIONS 
OBJECTIVE: Be able to po«itlon aU valves correctly. 



1. 
2, 
3, 
4, 



Charge for leak check 
Evacuate system 
Charge for operation 
Normal operation 

5. Pump down system 

6. Oil check 

7. Suction valve check 

8. Discharge valve check 

9. Operational shaft seal check 
10. Equalizing shaft seal 



Using compressor for 
evacuation 



SV 



LOW 



HIGH 



MGA 



LOW 



HIGH 



KV 



Remarks 



Checked by 



Instructor 
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PLAN OF IHSTRUCTK 


W/LESSOH PLAH PART 1 

TnyuwrrrniT ■ 

neirigeraiion anfl Air Conditioning 


IV Refrigeration Controls and Accessories 


L COURSt CONTENT 


2 TIME 


1. Refrigerant Controls 

a. Using workbook procedures, refrigeration trainer and tools 
provided, remove, repair, replace and adjust an automatic expansion 
valve to maintain pressures from 5 to 10 PSIG. STS: 15b(l)(a). 
15b(l)(b), 15b(2), 15b(3), 15b(4), 15b(5), 17c(4). Meas: W, PC 

(1) Purpose of refrigerant controls 

(2) Types of refrigerant controls and their methods of 
operation 

(3) Procedures for removal and replacement of refrigei^t 
controls 

b. Using workbook procedures, refrigeration trainer and tools 
provided, remove, repair, replace and adjust an internal equalized 
thermostatic expansion valve to maintain a superheat setting of 10+lOF. 
STS: 15b Ifb). 15b(2) Meas: W. PC 

(1) Definition of superheat 

(2) Methods of operation of an internal equalized thermostatic 
expansion valve 

(3) Methods used to check and set superheat on a thermostatic 
esqpansion valve 

c. Using workbook procedures, re fri iteration trainer and tools 
provided, remove, repair, replace and adjust an external equalized 
thermostatic ejqpansion valve to maintain a superheat setting of 10+lOF. 
STS: 15b(5), 17c(4). Meas: W, PC 

(1) Method of operation of an external equalized thermostatic 

•■wnnnBinn imltra 
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Day 26 
thru 28 

(6/2) 
Day 26 

(6/2) 
Day 27 

(6/2) 
Day 28 
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PLAN OF IKSTWJCTIOMACJSOH PLAH PART I (C«tJw*J«, 



COURSE CONTtNT 



(2) Maximum pressure drop allowed across the evaporator 

(3) Methods used to troubleshoot TE V's 

SUPPORT MATERIALS AND GUffiANCE 

Student Instructional Materials 
i>G :iABR54530-IV-l, Refrigerant Controls 

WB 3ABR54530-IV-1-P1, Installation and Adjustment of Automatic 
Expansion Valves 

ot?Sc^co°'^^'^'^^' Checking and Installing Thermostatic Expansion Valves 
WB 3ABR54530-IV-1-P3, Installing a Thermostatic Expansion Val^ with 
External Equalizer Line 

Audio Visual Aids 



Charts, Set, Refrigerant Controls 
Transparencies, Set, Refrigerant Controls 

Training Film: TF 5624a, Refrigeration Expansion Valve Manual aid 

Automatic Operation 
Training Film: TF 5624b, Refrigeration Expansion Valve Thermostatic 

Valve Operation 
Prenar rated Slides: Metering Devices 

Training Equipment 

Trainer, Thermostatic Expansion Valve (12) 
Trainer, Motor Controls and Refrigeration Accessories (2) 
Trainer, Automatic Expansion Valve (Bellows Type) (12) 
Trainer, Thermostatic Expansion Valve Tester (12) 
Trainer, Automatic Expansion Valve (Dlaphram Type) (12) 

Training Methods 

Discussion /Demonstration (7. 25 hrs) 
Training Film (0.5 hr) 
Performance (10.25 hrs) 
CTT Assignment (6 hrs) 

Multiple Instructor Requirements 



Safety, Supervision (2) 
Instructional Guidance 

Ensure that all students accomplish all preoperational checks prior to operation 
of trainer and place adequate emphasis on safety precautions while working on 
trainer. Outside Assignment: Day 26, direct students to vreview WB IV-l-Pl- 
Day 27, P2; Day 28, P3. , ' 

MIR: Two instructors are required for 10.25 hours during studtBt performance 
(3.5 hours ln l$av 26. 3 Yours in Day 27. and 3.75 hours in 



Dtj 28). 
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lUmgitfHLtion and Air Conditioning' 



IV 



Rafrigeration Controla and Acceaeorlea 



■cSUIsicBmTIhT 



2 TIME 



2. Motor Controls 



a. Using workbook procedures, refrigeration trainer and tools 
provided, remove, clean, install and adjust a thermostatic motor 
control to maintain a refrigerated space temperature of 25 to 35° F. 
STS: 10e(5), 15a(l), 15a(2), 15a(3). Meas: W, PC 

(1) Purpose of a thermostatic motor control. 

(2) Types of motivating devices 

(3) Term application 

(4) Operation of the thermostatic motor control 

(5) Common troubles of a thermostatic motor control 

(6) Wiring of a system utilizing a thermostatic motor control 

(7) Cleaning and adjustment procedures for a thermostatic 
motor control 

(3) Removal and installation procedures for a thermostatic 
motor control 

b. Using workbook procedures, refrigeration trainer and tools 
provided, remove, clean, install and adjust a low pressure motor 
control to maintain an evaporator temperature of 30 to 40° F. 
STS: 10e(5), 15a(l), 15a(2), 15a(3). Meas: W, PC 

(1) Operating principles of pressure motor controls. 

(2) Adjustment and calibrfitton procedures for the low pressure 
motor contrcl 
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(16/5) 

bays 29 
thru 31 

(6/2) 
Day 29 
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PLAN OF IKSTRUCnOH/LESSON PLAN PART I (C«iitin««tlM SiMt) 



COUKSe CONTENT 



(3) Common usage of a low pressure motor control. 

c. Using refrigeration trainer and tools provided, remove, (4/1) 
clean, install and adjust a hi pressure safety switch to the specifications Day 31 
outlined in workbook. STS: 10e(5) , 15a(l), 15a(2), 15a(3) 
Meas: W, PC 



(1) Adjxistment and calibration procedures for the hi 
pressure safety switch 

I (2) Common usage of a hi pressure safety control 



SUPPORT MATERIALS AND GUIDANCE 



Student Instructiona>l Materials 

SG 3ABR54530-IV-2, Motor Controls 

WB 3ABR54530-IV-2-P1, Installing and Adjusting Thermostatic Motor Controls 
\VB 3ABR54530-IV-2-P2, Installing and Adjusting a Low-Pressure Motor Control 
WB 3ABR54530-IV-2-P3, Insialling and Adjusting a High-Pressure Safety Switch 

Audio Visual Aids • . 

Charts, Set, Motor Controls 
Transparencies, Set, Motor Controls 

Training Equipment 

Trainer, Refrigeration Thermal- Type Motor Control (12) 
Trainer, Motor Controls and Refrigeration Accessories (2) 
Trainer, Refrigeration Pressure Control Motor Switch (12) 



Training Methods 

Discussion/ Demonstration (7 hrs) 

Performance (9 hrs) 

CTT Assignment (5 hrs) 

Multiple Instructor Requirements 
Safety, Supervision (2) 



Instructional Guidsmce 

Place adequate emphasis on safety precautions while using refrigeration equio- 
ment. Outside assignment: Day 29, direct students to review, WBIV-2-P1: 
Day 30, P2; Day 31, P3. 

MIR: Two instructors are required for 9 hours during student performance 
(4 hours in Day 29, 3 hours in Day 30, and 2 hours in Day 31). 
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1 * FLAH OF INSTRUCTI 


OH/LiWON PLAN PART 1 

cveirsceTmlOn anu Air ConOltionms 
SpecSUst * 


IV Refrigeration Controls and Accessories 


I COURSI CONTINT 


2. TIME 


3. Refrigeration Accessories and Trouble Analysis 

a. Using workbook and refrigeration trainer, locate and 
identify heat exchanger and oil separator as to their purpose, use, 

1 principle of operadon, installation and maintenance. STS: 13e(l)' 
13e(2). 13e(3). 13e(5), 13e(6), 13e(7). Meas: W 

(1) Purpose of the heat exchanger 

(2) Types of heat exchangers 

(3) Removal, cleaning and installation procedures for 
1 heat exchangers 

1 (4) Purpose of an accumulator 

(5) Accumulator application 

(6) Purpose of an oil separator 

(7) Oil separator application 

J (8) Procedures for removing, cleaning, charging and 
installing an oil separator. 

b. Using tools provided, replace the drier on the refrigeration 
trainer to the specifications outlined in workbook. STS: 13e(4) 
13e(5). 13e(6). 21c(5). Meas: W, PC 

1 (1) Effects of moisture in a refrigeration system 

1 (2) Purpose of a filter-drier 

(3) Types of filter-driers 


33 
(24/9) 
Day 31 
thru 35 

(5/2) 
Days 31 
and 32 

(6/2) 
Days 32 
and 33 
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COURSE COKTEMT 



(-i) Proceaires for removing and InBtalllng a filter-drier 
(5) Types of strainers 
(G) Pui-pcse 01 mufflers 

Tmas o: oressure relief valves 



\'itrc::r;. elirr.irxtors 



rrocacirss, trouble analysis chart and tools 
r^:i ijsration trainer to locate all mal- 
c v the jistructor and list the corrective action 
2:c(2), 21c(3), 21c(4), 21a, 21d 



li Th: ei .r.szoriss of refrigeration system troubles 

" ':.:( . . -.niuii^cld 'jaug3 pressures 



(13/5) 
Day 33, 
34, and 
35 
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'o^ Using trouble ana.lysis chart 



SUPPORT INSTRUCTIONAL MATERIALS 





l^rJ: Instruct 




Mate 


rials 






:v- 




Ref: 


"igc ration Accessories and Trouble Analysis 




5AER545SC 


-IV- 


■ 


-J 


Rsnoving and Installing Heat Exchangers 
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r.anioving ^nd Installing an Oil Separator 
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Rsmoval and Installation of Driers 












Using Trcoible Analysis Charts 
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Trouble Analysis Procedures 



.^udic Visual Aids 

Charts, Set, Reirir^ration Accessories 
Trsjisparencies, Sat, P.9!rigs ration Accessories 
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COURSI CONTEHT 



Training Equipment 

Trainer, Refrigeration Oil Separator (2) 

Trainer, Motor Control and Refrigeration Accessories (2) 

Tr aining Methods 

Discussion/Demonstration (8.5 hrs) 
Performance (15.5 hrs) 
CTT Assignment (9 hrs) 

Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 

Instructional Guidance 

Place adequate emphasis on safety precautions while using refrigeration 
equipment. Outside Assignment: Day 31, direct students to review WBs IV-3- 
Pl and P2; Day 32, P3; Day 33, P4; Day 34, P5; Day 35, P6. 

MIR; Two instructors are required during 13 hours of student performance 
(3 hours in Day 33, 6 hours in Day 34, and 4 hours in Day 35). 

4. Measurement Test and Test Critique 2 

(2/0) 
Day 35 
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D6partm«t of Civil EngiuMrtng Tmnlng , a 

Sheppard Air Force Base Texi SG 3ABR54530-IV-1 

• 2lJanuaryl975 

R£nUGERANT CONTROLS AND ACCESSORIES 

OBJECTIVE 
INTRODUCTION 

^"^.r.n.Vf^hf.oliort^ra^'Jor'''''' 

1. Manual expansion valve 

2. Capillary tube 

3. Automatic expansion valve 

4. Thermostatic expansion valve 

MANUAL EXPANSION VALVE 

icoplanu. How»v?r most of ThtL hi f MmtrM aySema md 

However, most ol them have bean replaced Mth modern type ralvea. 

A thorouel, knortXe of ti» m»^f J"' '^^"VcrUar manuaU, by a« attendant. 
Operation of the Manual E3q)anaion Valve 

the ^"KTre^J^^^^^ - a. .He inlet of 

fuUy activrwhL tellTii of S<^^l?^i^'^°^ '""^ "^"^ ^'^^ evaporator is 
evaporator) ^ °' "'^^ refrigerant vaporizes at the outlet of the 



l3n 




Figure L Manual Expansion Valve in Refrigeration Systenn 



Figure 2 illustrates a fully active evaporator. Note that the liquid refrigerant 
extends from point A (i:ilet of evaporator) to point C (outlet of evaporator). 




Figure 2, Fully Active Evaporator 
2 13 T 

V> 




Figure 3. 'V Point of Complete Vaporization 

In Figure 4, the temperature from A to V is tlie Sam* Thi. . 
the temperature -pressure (T-P) relatlo^hip tl^e ref^era^f irj^,"""* °" 

t.on pressure of 21 PSI, the temperature from A to V Is IS^^ ^ " with a sue - 

siTZt^.nJSZi^l-^T^ZT "■"-^"We"""' P"«es through the expan- 

Te^ rm'e^ ^ -~ he^a^e "o?rs"eZ^;o7vS:;, 

co^riTt'o'Lof. h";it^"^\rp^rto're X'i;,?,'r:.? ^tt-' « 

0, he. ts verv small ah. a few ^^ees o, ZiT^^^.lTl TrlT.TnS^T.^TZ' 
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Figure 4. Temperature -Pressure (T-P) 



The heat absorbed from point V to C is called superheat. It raises the temperature 
of the vapor above the saturation point. The PT chart is of no value in this superheated 
area. The chart is only accurate where liquid refrigerant is in contact with refrigerant 
vapor. 

INCREASE IN fflGH PRESSURE. Assume the valve in Figure 4 is open and point V 
IS in the position shown. If the high side pressure increases, more refrigerant will be 
forced through the valve. High side pressure, caused by heat loads and air temperature 
surrounding the condenser, can change from 90 PSI to 110 PSI between midnight and noon. 
This increase in high side pressure will increase the flow of refrigerant and point V will 
move to the left. 



A decrease in high side pressure will have the opposite effect. Point V is moving 
to poini B, causing the evaporator to be only 50% active. This is referred to as a 
"starved evaporator." 

CHANGE IN HEAT LOAD. In Figure 5, the point of complete vaporization is Vj. When 
heat IS added, the refrigerant in the evaporator boils faster. Point Vj then moves up the 
evaporator to Vj* The evaporator is now starved. 

A decrease in heat load will have the opposite effect. With less heat, the refrigerant 
does not boil as fast and point Vj moves to V3, flooding the evaporator. 
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Figure 5, Heat Load Changes with Manual Expansion Valve 

CAPILLARY TUBE 

in,, dr,nldn„o„„a,„., and .omfc.iSl'SnriaX J^J,';'; 
Construction 

Operation 
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Figure 6. Capillary Tube m Refrigeration System 

The capillary tube equalizes during the off cycle minimizing the starting load on 
the compressor. Under the low load condition fewer starting devices and less current 
will be required lor the conapressor motor. 

With the capillary tube the refrigerant charge is critical. Only a limited amount 
of refrigerant can be placed in the system. If too much refrigerant is in the system, 
the evaporator pressure will be above normal and the suction line will frost to the 
compressor. If there is not enough refrigerant, the evaporator will be starved. 

The tube is easily clogged or bent. A filter strainer should be installed at the 
inlet 01 the capillary tube to prevent dirt and foreign matter clogging the tube. 

AUTOMATIC EXPANSION VALVE 

This valve was developed to control the flow of liquid refrigerant to the evaporator 
automatically and does so by maintaining a constant evaporator pressure. 



i3s 
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The automatic expansion valve is essentially a pressure- regulating valve (sometimes 
called a constant pressure valve). This valve is designed to maintain a constant pres- 
sure in the evaporator, regardless of changes in heat loads or high side pressure. 

Construction Features (See Figure 7) 

The automatic expansion valve consists of a closing spring P3 which pushes upward 
to close the valve; a needle arKl needle seat; drive pins which push on the needle carrier 
to open the valve; a diaphragm; opening spring Pi; an adjusting screw for adjusting the 
valve; and a vent hole to allow atmospheric pressure P4 to press downward on the 
diaphragm. 



ADJUSTING SCREW 



ATMOSPHERIC PRESSURE 




Oi APHR AGM 



STRAINER 



CLOSING SPRING P 



EVAPORATOR PRES'^'JRE (^2) 



Figure 7. Automatic Expansion Valve 

In modern automatic expansion valves, the area above the diaphragm is enclosed with 
relatively dry air or nitrogen gas. This is done to keep out moist air which might form 
ice and prevent the spring from opening. It also acts as a cushion and affects the 
diaphragm in the same way as atmospheric pressure. 

Principle of Operation 

High-pressure, high-temperature liquid refrigerant from the liquid line changes to a 
low-pressure, low-temperature liquid at the valve seat (see Figure 7). 

7 
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Atmospheric pressure P4 pushes downward to open the valve. Closing spring 
pressure P3 pusnes upward to close the valve (see Figure 8). These pressures being 
equal and opposite, cancel each other and need not be considered. Therefore the only 
pressures to consider r\re opening spring pieaayre P, and evaporator pressure P, whlc^ 
olose tae valve (see Figure 9). i 



V 



OPENING 



I 
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A 



V 



OPENING SPRING 



ATMOSPHERIC 
PRESSURE 



ijlAPHRAGM 



Closing 

SP9ING 



OtAPHRAGM 



EVAPORATOR PRESSURE 



Figure 8. Pressure on Automatic 
Expansion Valve Diaphragm 



FlgUA-e 9. Operating Pressure on 
Automatic Expansion Valve 



Eraporator pressure is varied by changing the pressure on the ope^ilng spring 
This is accomplished by the adjusting screw. Turning the screw clockwise increases 
the evaporator pressure. Counterclockwise will decrease evaporator pressure. 

During normal operation, the valve is approximately 3/4 open. A slight movement 
of the needle is necessary. This movement regulates refrigerant Qow to keep evapora- 
tor pressure almost constant. 

OFF CYCLE, ^\^l3n the compressor stops, the vaive remains open for a moment. 
l>iring this time the evaporator pressure Pj overcomes opening spring pressure Pi 
closing the valve. c» © f 1 

As the evaporator warms up during the OFF cycle, its pressure rises in accordance 
with the P.T. chart and may be several PSI above normal operating pressure. The 
higher the pressure is, the tighter the valve closes. 

ON CYCLE. When the compressor starts, the valve does not open immediately. 
This is an important advantage of the automatic expansion valve. The compressor 
motor is not overloaded on start-up. This is because the valve will not open until the 
compresi^or reduces evaporator pressure to the pressure setting of the valve. 

As the compressor reduces evaporator pressure, Pj becomes less than opening 
spring pressure P^ (see Figure 10), This action opens the valve. The valve opens to 
such a position when P^ and P2 are in balance. 
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INCREASE IN HIGH SIDE PRESSURE. When coDdenalng temperature Increaaes, 
the high side pressure also Increases. The ii«crease In pressure will force more 
refrigerant through the valve. This causes an Increase in evaporator pressure 
This unbalances the valve, causing it to close sli^ly reducing refrigerant now and 
evaporator pressure, but P2 will return to the valve setting. 

The automatic expansion valve maintains a fairly constant evaporator pressure and 
should not fluctuate more than 1/4 PSI during operation. 



INCREASE IN HEAT LOAD. Consider a system containing R-12, evaporator 
pressure P2 at 21 PSI, and evaporator temperature at 20^ F. 

Adding a heat load to the system causes the refrigerant to vaporize faster than 
normal. This causes a rise in evaporator pressure and point V moves to the right 
(see Figure 11), and this rise In evaporator pressure tends to close the valve allowing 
less refrigerant to enter the evaporator; therefore, the evaporator is less active. 

DECREASr IN HEAT LOAD. A decrease in heat would have an opposite effect. 
Causing the evaporator pressure to decrease tends to open the valve more. Point V 
would move to the left, flooding the evaporator. Under this condition, liquid 
refrigerant could enter the compressor. 

This is the main disadvantage of the automatic expansion valve. It starves the 
evaporator when the heat load is incresised and floods the evaporator when the load is 
decreased. 
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Figure 11. Automatic Ejqjansion Value during Load Change 

Adjustment 

The automatic expansion valve is adjusted by turning the adjusting stem clockwise 
to increase evaporator pressure and counterclockwise to decrease the pressure. 

This should be accomplished while observing the low side pressure with the 
manifold gage assembly. Leaving time after each 1/4 turn adjustment for the valve 
to balance, adjust until a pressure corresponding to the lowest evaporator temperature 
required during the entire running cycle is attained. 
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THERMOSTATIC EXPANSION VALVE (INTERNALLY EQUALIZED) 



The thermostatic expanaion valve is a further development and Improvement of the 
automatic expanaion valve, aiid was introduced to the refrigeration industry in the late 
twenties. The purpose of this valve is to regulate the How of refrigerant entering the 
evaporator, malnUlning a fully active evaporator regardless of the heat load and pres- 
sure changes. The thermostatic expansion valve does so by maintaining a constant 
degree of superheat. 

NOTE: Superheat Is heat added to gas or vapor above its saturated temperature. 
Construction Features of the Thermostatic Expansion Valve 

The thermostatic expansion valve consists of the following parts (see Hgure 12). 




Figure 12. Thermostatic Expansion Valve 
11 



1. Thermal bulb (power element) 5. Valve seat 



2. Capillary 6. Valve needle 

3. Diaphragm 7. Spring 

4. Push rods 8. Adjusting screw 

The thermal bulb contains a charge of refrigerant. Pressure development by the 
charge is transmitted through the capillary to the diaphragm. The charge in the bulb 
depends on the application. 

Thermal bulb charges are classified in four main groups. They are: 

1. Gas-charged 

2. Liquid-charged 

3. Cross-charged 

4. Special charged 

NOTE: See bulb charges on page 17. 

For simplicity, the gas-charged valve will be discussed, which has the power ele- 
ment and system, each containing R-12. 

Referring to Figures 8 and 13. observe the similarity of thermostatic and automatic 
expansion valves. Note that opening spring P^ has Been replaced by bulb pressure Pj. 
Evaporator pressure P2 is the same in both valves. Note that both have springs to close 
the valve. In the automatic expansion valve, since closing spring pressure and atmo- 
spheric pressure are the same, they are not considered. In the thermostatic expansion 
valve, this closing spring called the superheat spring aids evaporator pressure to close 
the valve. 

Operating Pressure of the Automatic and Thermostatic Expansion Valve 

The operating pressures of the automatic and thermostatic expansion valves are 
compared in Figure 13. Note that both valves have Pj and P2. The thermostatic valve 
has an additional pressure P3 which helps close the valve. In the automatic expansion 
valve, Pj IS equal to P2. The two pressures must be equal to balance the value. In 
the thermostatic expansion valve, it is: P. = P2 + P3, meaning that the evaporator 
pressure plus superheat spring pressure is equal to bulb pressure when the valve is 
in balance. 

Operation of the Thermostatic Expansion Valve 

In the introduction, you noted that the thermostatic expansion valve maintains a 
fully active evaporator, regardless of the heat load and pressure changes. In reality 
this is not quite true. A small portion of the evaporator is used for superheating the 
vapor because the change in superheat controls the valve. 

To understand the operation of the thermostatic expansion valve, refer to 
Figure 14, Normal Operating System. Both the system and valve will contain R-12 
for this exercise. Vary the heat load and observe superheat and pressures Pj, P2, 
and P3. 

u 111 



AOJUSTAatC OPENING SMING 



EVAPORATOR PRESSURE 
AUTOMATIC F^.PANSION VALVE 



BULB PRESSURE 



T 



EVAPORATOR SUPERHEAT 
PRESSURE SPRING 



THERMOSTATIC EXPANSION VALVE 



Figure 13. Operating Pressures erf Automatic ajid Thermostatic Eicpansion Valves 




Figure 14. Normal Operating System with R-12 Refrigerant 
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Point V IS the point oi complete vaporization. The temperature of the Uquid and 
vapor trom V to A is the same. Knowing where point V is located is not too important, 
but :he temperature at point V is. The temperature at point V can be known by convert- 
iriii suction pressure to temperature. In Figure 14, suction pressure is 21 PSL The 
t-Mnperature trom A to V is 20^ F. 

S-PE^H£AT To Und superheat, attach the bulb of a superheat thermometer at 
point C 30 'see Fi^j:ure 15). Convert suction pressure to temperature: 
21 PSI = 20^ F. This IS the temperature at point V. Subtract the temperature at point 
V from the temperature .it point C 30° F - 20*^ F = 10 F superheat. 




Figure 15. Finding Superheat 

FINDING PRESSURE P^ In order to find P^, the temperature of the thermal bulb 
must be converted to pressure. Referring to Figure 16, the temperature at point C is 
30°. The thermal bulb temperature is also 30° and 30° = 29 PSI, P^ = 29 PSI. 

FINDING PRESSURE P2. Pressure P2 is 21 PSI (see Figure 16). 

FINDING PRESSURE P3. If p^ - P2 P3 and = 29 PSI, P3 = 8 PSL 

INCREASE IN HEAT LOAD. Referring to Figure 14, normal refrigeration system 
pressure P^ is in balance with P? ^ P3. Normal superheat is 10° F 



BULB PRCSSURC 

^1 : 29 PSI 



PR! 

1 



EVAPORATOR SUPERHEAT 
PRESSURE SPRING 



Figure 16. » P2 + P3 

towJi*!'hi!'! J°*** increases the refrigerant boils faster; point V (Figure 17) moves 

u^^hl^ 8"^'t;.f ""^"f pressure'remains at 2' PSI lidTe 

aujwrneai spring at b PBI, the temperature at point C will increase n^rhanR fo ?oO ir 

S^^ss^es ilL.^ 'th^' ''i'" refrigerant flow to match the 3 

Pressures balance at the new flow rate and superheat returns to normal. 
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21 PS 




C 32'F 27'F 25'F 



23*F 2l'F 




20* F 



Figure 17. Increase Heat Load 
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DECREASE IN HEAT LOAD. As the heat load decreases, point V moves closer to 
point C. Superheat becomes less than 10° F. and the temperature at point C becomes 
less than 30^ F. In this case, becomes less than Pj ^ Pq, the valve closes slightly, 
reducing refrigerant flow. Pressures balance at the new flo^ rate and superheat 
returns to normal. 

FROST AND LIQUID REFRIGERANT. When frost forms on the suction line, it 
only indicates the temperature at the end of the frost line is 32^ F. This can be caused 
by low temperature vapor or liquid refrigerant. If there is one or more degrees of 
superheat, the frost is caused by low-temperature vapor. 

CHECKING SUPERHEAT. There are three methods used to check superheat. 
The tirst is the ice bath test. This method is fairly accurate, providing the manufac- 
turer's recommendations are followed. The second method is using two superheat 
thermometers. One is attached at the inlet of the evaporator, and the other, at the 
bulb of the thermostatic expansion valve. Subtract the temperature at the inlet of the 
evaporator from the temperature at the bulb. The third and most accurate method is 
one superheat thermometer at the bulb of the expansion valve and evaporator pressure 
(see Figure 15). Convert evaporator pressure to temperature, and subtract from 
temperature at bulb. The difference between these two is the amount of superheat. 

NOTE: The bulb of the superheat thermometer must be well-insulated. 



Thermal Bulb Location 

The thermal bulb should be clamped to a horizontal suction line near the evaporator 
outlet. The suction line should be cleaned thoroughly before clamping the remote bulb 
in place. On suction lines under 7/8" OD, the remote bulb should be installed on top of 
the line and on 7/8" OD up to 2-1/8" OD. 
The bulb should be installed at the position 
of 4 or 8 o^clock (see Figure 18). On lines 
2-1/8" and larger, the bulb should be 
installed Inside the suction line. 



BULB ON SMALL LINE 




BuLi ON LARoe Line 



Figure 18. External Bulb on Suction Line 



The thermal bulb must never be placed 
where the suction line is trapped (see 
Figure 19). Any collection of liquid refri- 
gerant at the point of thermal bulb location 
will cause irregular operation of the expan- 
sion valve. Large fluctuations in pressure 
and superheat of the suction gas are usually 
the result of trapped liquid at the remote 
bulb location. Even on properly designed 
suction lines, it is sometimes necessary to 

move the bulb a few inches either way from the original location to obtain the best valve 
atUon. Always locate the thermal bulb on the evaporator side of a heat exchanger. 

W-hen locating the remote bulb outside the refrigerated space, both the bulb and the 
suction line must be well-insulated from the surrounding ambient temperature. The 
insulation must extend at least one (1) foot or more beyond the bulb location on both sides 
of the bulb VVTien the thermal bulb is located inside the refrigerated space, the tem- 
perature difference between the evaporator and space is not usually large enouph to 
adversely affect expansion valve operation. 



16 



hMt and the .uctlon pressur.' "1' "^V'" 1" both the .«per- 



cau.r. th. iV r i • '"P s""'"" line at the evaoorator outlet 

.h. ,1?! "";'°f" j" °P">t"i8 superheat and re.ult. In Irregular val.e ool^IaoTd?. ,^ 

ZT'^^.T^ZZf^i^T'- " pXTo;rec°Ld'''anS°,he 

p muvTO. inis allows free drainage away from the remote bulb location. 




WJtTl-OUTUn THCIMO 



Figure 19. Remote Bulb Location 
Shown Trapped 




tVAfOtATOfl 



NMLTl-OUnCT TNCM 



Figure 20. Remote Bulb Location 
Shown Free Draining 



hex. 



EVAPORATOR 



Figure 21. Recommended Remote Bulb Location and 
Schematic Piping for Rising Suction Line 



Thermal Bulb Charge 



dmerent charge. „ot a ^ear-cut pol'nt/'rga"^L%ge*-v,,IrctrS u^.^lTlnlX^ns 
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with a temperature as low as 26^ F without too much loss in efficiency. Also a cross - 
charged valve can be used where the temperature reaches 35 to 37^ F. 

GAS CHARGED 
32* 

LIQUID CHARGE 

CROSS CHARGE 

SPECIAL CHARGE 
-80* 

Figure 22. Temperature Ranges of Valves 

The thermal bulb of (power element) contains a charge of refrigerant. Pressure 
developed by the bulb is transmlLted through the capillary to the diaphragm. The 
charge in the bulb depends on the application and is classified under four groups. 

GAS- CHARGED VALVE. The bulb contains the same type of refrigerant as used 
in the system. The amount of refrigerant is limited so that at a predetermined tem- 
perature all refrigerant has vaporized. This limits the amount of pressure that can 
be exerted by the bulb and is called M.O. P. (maximum operating pressure). Any time 
the evaporator pressure becomes greater than the M.O. P., the valve closes and 
remains closed until the evaporator pressure is reduced below the M.O. P. 

ADVANTAGES. 

1. Prevents Flooding the evaporator during the OFF cycle. 

2. Allows rapid pull-down. 

3. Prevents overloading the compressor motor. 
DISADVANTAGES. 

1. The gas-charged valve cannot be used on low-temperature applications. 

2. If the body of the valve becomes colder thai^. the bulb, the charge will condense 
in the body of the valve, and control by the bulb will be lost. 
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S^eful in low-temtira^TjSio^ croja-charged valve Is especially 

superheat which tSnds^ pre^nt niS^J JJ^^ "^^^^ « ^^^Kh 

of . liquid It ch.„cM tempTratoe principle □( eTpanelon or contraction 

coldeMha*^tIfth\™a?L"I" "<» " the «lve body 1. 

DISADVANTAGES. 

1. During the initial pull-down when the compressor starts the evanorafn. f 
poraior, tne pressure difference across the diaphragm tends to: 

a. Completely open the valve with a possibility of flood-back. 

b. Impose a maximum load on the motor during ^ull-down. 

c. Delay suction pressure puU-down. 

pre..^rur^ere':.r 'c:-zT:^z':rzz'-ZTz' 

charged valves. ^luir^ea vaivea to cost more than gas- or crcMSs- 

u,-.?4'hL'Sd'*X':„"t'^ Lr*" '° " '^"■»" • 

Tbl.';;"^"'.* co:Sed t^t^'^'l^^a"^" r*!;™"" ' -e-U^mn, device. 
Hn. between tb, d.aV„,n, '-^"^-p^^^f Xt;i:^.r::X=^rKe°Xe"lJr 

.be cwX^cUalTe^Wple^n'^'ni", °' -^""-"s.. 
rod.. Wh^ ,b. pr^anJe " tie e™^ra'o" «cel* IT" i!."'"* P^" 
collap.e.. allowing ,be eprtni toTof/fK°l!r . i.""' cartridge pre..«re, the cartridge 
evaporator preaallfe baare'^r'^ir^roTlb"; In^herj^.^^l."""" ^'""^ 
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Figure 23 • Pressure -Limiting Device 
Selection of Thermostatic Expansion Valve 

1. System capacity or tons 

2. Type of refrigerant 

3. Evaporator temperature; this will determine the M.O, bulb charge and if a 
pressure limiting device is needed 

4. Pressure difference across the valve 

5. Valve fittings, both inlet and outlet size 

With all the foregomg information the proper size thermostatic expansion valve 
can be selected from the manufacturer's catalog, 

NOTE: It is important to remember that in some cases the thermostatic expan- 
sion valve can be repaired. 

THERMOSTATIC EXPANSION VALVE (EXTERNALLY EQUALIZED) 

On large systems, the pressure drop across the evaporator varies from 1 to 10 
pounds with an internally equalized valve; this pressure drop causes a very high degree 
of superheat, indicating that the evaporator is not fully active. 

To compensate for the pressure drop across the evaporator, the thermostatic 
expansion valve externally equalized was developed. 

The equalizer line should be installed as near the bulb as possible toward the 
compressor (see Figure 24). 
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CAPILLARY 




/ EXTERNAL EQUALIZER 




Figure 24. Thermostatic Expanaion Valve (Externally Equalized) 

pressure (equalizer pressure) at C. controlled by evaporator ouUet 

Flau^l"«°! **** pressure drop across the evaporator exceeds the limits shown in 
Figure 25. an expansion valve with an external equaUzer should be use? 



Air Conditioning (32 to 50° F) 2-1/2 FBI 

Commercial Range (32 to 0° F) j.j/j pei 

Low -Temperature Rai^e (0 to -40° F) 1/2 pgj 



Figure 25. Pressure Drop 
aiperheat Check with External Equalized Valve 

Superheat is checked In the same way on both valves (see Figure 15). 
Superheat Adjustment 
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NOTE: Turning the adjusting stem clockwise increases superheat. 
Counterclockwise decreases superheat. 

Troubleshooting 

Thermostatic expansion valves are well constructed and seldom cause trouble. 
However system malfunctions can easily be found by troubleshooting the expansion valve 
using the tv c '^'^'^m method, suction pressure and superheat. Superheat should be 
10 degrees ar tion pressure can be calculated by subtracting design evaporator 
temperature difference from the space temperature and converting to pressure with the 
P-T chart. 

LOW SUCTION PRESSURE AND HIGH SUPERHEAT (Starved evaporator) 

1. Liquid line vapor 

a. Clogged drier or strainer 

b. Long liquid line 

c. Low charge 

d. V rUcal Uft 

2. Moisture freezing at expansion valve 

3. Lost bulb charge 

4. Needle stuck shut 

5. Undersized valve or orifice 

6. Ev:»porator pressure drop - no external equalizer 

7. Low pressure drop across the valve 
P. High superheat adjustment 

LOW SUCTION PRESSURE AND LOW SUPERHEAT (Low flow, evaporator flooded) 

1. Low load 

2. Poor air flow across evaporator 

a. Dirty evaporator or filter 

b. Evaporator fan malfunction 

c. Coil icing 

3. Evaporator oil logged 

151 
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HIGH SUCTION PRESSURE AND LOW SUPERHEAT (Flooded evaporator) 

1. Bulb inaUllatlon 
a* Poor contact 
b. Warm location 

2. TEV seat leaking 

3. Moisture freezing holding valve open 

4. Bad compressor (low capacity) 

5. Oversized valve or orifice 

6. Wrong bulb charge 

7. Restricted external equalizer 

8. Low superheat adjustment 
SUMMARY 

All refrigerant control devices control the amount of refrigerar.? flowing to the 
evaporator. The method of opening or closing a valve determines the type of control 
devices. The capillary tube, of course, is an excepticm because it is a long tube with 
a fixed opening. 

The thermostatic expansion valve is the most efficient reft ^erant control ever 
devised because it will maintain a fully active evaporator undei all operating conditions. 
The thermostatic valve maintains an active evaporator by controlling evaporator 
superheat. 

When troubleshooting a system that is using a thermostatic expansion valve, do not 
guess. Use two-system method and figure out what is causing the trouble; the chances 
are nine to one that the expansicm valve does not need replacing. 

QUESTIONS 

1. What is the general purpose of metering devices ? 

2. Name four refrigerant control devices? 

3. What affects the refrigerant flow of the manual expansion valve? 

4. What is the adv;aitage of the capillary tube? 

5. How is a capillary tube constructed ? 

6. What is the purpose of an automatic expansion valve, and how is this functicai 
accomplished? 
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7. What IS the main disadvantage of the automatic expansion valve? 

8. Explain the importance of point V (point of complete vaporization). 

9. Define superheat and explain its importance. 

10. What IS the purpose of the thermostatic expansion valve? 

11. How does the thermostatic valve accomplish its purpose ? 

12. How would you fmd the temperature of refrigerant at point V? 

13. How would you find the temperature at point C? 

14. List the methods that are used to determine supe- ^eat and explain each. 

15. What IS the purpose of an e.xternal equalizer? 

16. What are the operating pressures of the external equaUzer? 

17. Explain the purpose and operation of pressure Umiters. 

18. Define and explain M. O. P. 

19. What is the two-system method of troubleshooting TEV? 
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MOTOR CONTROLS 

OBJECTIVE 

To help you In learning the principles oi operation, purpose, and adjustment of 
motor controls. 

INTRODUCTION 

At this point in our study of refrigeration systems, we have learned that the system 
depends on human aid for starting and stopping. This is not satisfactory as it would 
require constani attention to maintain the temperature of the conditioned space within 
limits. By placing a switch that opens and closes in response to temperat\ire changes In 
the power lead to the motor, the system can be made completely automatic. 

THERMOSTATIC MOTOR CONTROLS 

The purpose of a motor control is to maintain a relatively constant temperature 
within the refrigerated space. This la accomplished by starting the unit when the tem- 
perature rises and by stopping the unit when the temperature falls. Figure 26 illustrates 
the characteristics of an automatically controlled unit. From this diagram, it can be 
Seen that the temperature within the refrigerated space Is not constant. It Is continually 
rising and falling between two predetermined points (30° to 40° ). 



UNIT STOPPED CUT-IN UNIT RUNNING CUT-IN 




CUT-OUT 



Figure 28. Temperature Fluctuations 

A motor control is always connected electrically In series with the motor. Its loca- 
tion Is Illustrated systematically in Figure 27and28, As youcansee Inthisdlagram, thecon- 
tact points ol the control (represented by the 'T" bar) allow current to flow to the motor 
when they bridge the gap in the power line and stop the current flow when they open. 



The thermostatic motor control (TMC) senses temperature rather than pressure. 
These motor controls can be used on most types of refrigeration and air-conditioning 
units. However, they must be usecLon all units that have automatic expansion valves or 
capillary tube refrigerant control devices. 
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Figure 27. Location of Motor Control 




COMPRESSOR MOTOS 



Figure 28. Wiring Diagram of Single-^.. 3e Motor Control 
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Principle o( Operation 



The principle of operation of the TMC is a basic physics law which sUtes that matter 
will expand when heated and contract when cooled. If a container were sealed after being 
completely filled with water and heat were applied , the pressure built up due to the heat- 
ing could burst the cjntainer. If the temperature is reduced, the pressure exerted on 
the sides of the container also reduces. This physical law holds true if the container 
holds a liquid, a gas, or a combination of the two. 

The TMC consists of two major parts: a housing, containing the operational lever 
mechanism, and a power element which is attached to the housing. The power element 
can be further broken down into three parts: a '^feeler" bulb, a capillary tube, and a 
bellows. The three parts of the power element are connected together and are hollow. 
Inside this hollow element, there is a refrigerant charge which is either a liquid, a gas, 
or a combination of both. This charge is completely independent of the charge in the unit 
itself. The charge is very critical. Any leak, no matter how small, will render the 
power element inoperative. 

The bulb of the power element is located in such a position as to be sensitive to any 
change in the temperature of the controlled space. For domestic units, this location is 
on the evaporator so as to control the evaporator temperature. It might also be fastened 
mside the refrigerated space. 

Any rise in temperature will heat the bulb, causing the charge to expand. This 
expansion will be transmitted through the capillary tube to the bellows. This will cause 
the bellows to expand. Attached to the bellows and inserted into the housing to rest 
against one end of the lever system is a short push rod. The pressure of the power ele- 
ment will expand the bellows, pushing the rod against the lever. This level will cause 
other levers to move and the net result will be a set of electrical contact points closing. 
Closing of the points will cause the motor to start and the unit will be in operation. 

As the temperature at the feeler bulb drops so will the temperature of the bulb itself. 
This causes a drop m power element pressure and will reduce the push on the lever 
system. Part of the lever system consists of a spring which counteracts the power ele- 
ment pressure. As the element pressure drops, the spring will pull the points apart and 
stop the motor. 

By turning the adjusting knob clockwise, the spring will become compressed, caus- 
ing the cut-in temperature to rise. Compressing the spring puts more pressure in 
opposition to the power element and demands that the element heat up even more to over- 
come this increased pressure, closing the points. The converse (by turning the knob 
counterclockwise) will decrease spring tension and lower the cut-in point. 

The TMC has a second spring that works in conjunction with the power element 
instead of against it. This spring is used to set the '*cut-out'' temperature (on some 
controls) or the differential (on other type controls). 

Motivating Units 

For discussion purposes, a bellows was used to explain the operation of the LPMC. 
However, there are four different types of motivating devices used to open and close 
the contact points in electrical controls: 

1. Bellows 
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Diaphragm 



3. Bourdon Tube 

4. Bimetallic Element 



BELLOWS The bellows (Figure 29) may be connected directly to the condensine 
umt by means of tubing, or they may be actuated by the pressure in a te^erlre bulb 
The pressure will cause the beUows to expand or contract. This movement iHs^ to 
open or close the electrical switch. raoveraeni is usea to 

contr°oU^"^lfp^n^;. t diaphragm-type power element (Figure 30) is used in some 
controls The complete power element consists of a thermal bulb, capillary tube 
and diaphragm filled with a Uquid or gas. Changes in temperatur^ atThe bulb wl!l 
cause an increase in the volume of the Uquid and a subsequent change in the diaphragm. 
This movement of the diaphragm is used to open or close the electrical switch 




Figure 29. BeUows Figure 30. Diaphragm 

Thp ^^T^!^J^^^: ^ ^""^^ 31 ) is used in some pressure controls. 

The bourdon tube is the same as the one used in pressure and vacuum gaees An 
increase in pressure will tend to straighten the tube while a decrease in pressure will 
oj^rate TsSI^ch''''" '^^^ ^^e due to changes in pressure is made to 

BIMETALLIC ELEMENT. A bimetallic element (Figure 32 ) is used in air 
conditiomng thermostats. The elements consist of two dissimilar metals fastened 
securely together. A change in temperature will cause the strip to bend. This motion 

u^Zr =^ « motivating 

it JZ ^^""^"^^"^^ "^otor control, the entire control must be located inside the refH 
gerated space (room thermostat). 

Application 

Two types of bimetallic strip applications (Figure 33 ) are snap-action and mercury 
bulb. Snap action switches minimize electrical arcing to prevent excessive burning or 
pitting of the contact points. * 
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CANTILCVCR 



POINTS 




TO MJOn 



CmC-IMa 
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SHA^C 




SPlltAL 



ARtOW tNDlCATCS DiRCCTlON OF MOTION UPON 
APf LIGATION OP HEAT 

THE AiOVC FICURC IS AN CXAGC'RATCD CXAMPLf 
OF MOVCmCNT of the UNAMCHORCD END of THE 
• IMCTALLIC HOOM THCRMOSTAT ON AN INCRCASC 
IN AIR TCMPeRATURC SHOWN lY ARROWS 

CMC-10«B 



Figure 31. Bourdon Tube 



Figure 32. Bimetallic Elements 



SNAP ACTK)N 




MERCURY BULB 




aiMCTAL 



IF A MERCURY SWITCH IS SUISTITUTCD AND ATTACHED 
TO A SPIRAL ftlMCTAL IN THE OPERATION OF THE 
THCRMOSTAT. THE CLCCTRlCAL ORCUIT WOULD IC 
COM^LCTCD INSIDE THE MERCURY TUftC SWITCH lY THE 
• all of mCRCURY iCTVtCN THt TWO eLecTiK>Des 
INSIDE TM« TUie cMf-»0«C 



Figure 33. Bimetallic Applications 
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Location of Feeler Bulb 
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i^^oflU^ ^I.^ can be located elsewhere if the situation demands it; some bulbs will be 
i^t e c Id box ? m^erif °" evaporator. In this ca.; "he TMC wm op rate 
°oc^ed in the^P Tn T"!!; °" """^"g machines, the feeler bulb should be ^ 
levfl reicl^L tSe ?eeier h. ^^^f ^MC will shut the unit off when the ice 

in the re^^'L^^'i^e^m^^^ ^^-"l^^^-' ^MC bulb should be mounted 

Replacement 

iiel6^%ZeZ\ZT'^"u V° ^^^i^^t^ly built that it is impractical to repair in the 
tield. If operation is erratic because of power element failure, mechanical (lever) 
action failure, or contact point failure, the entire control should be reX^l 

Checking Thermostatic Motor Controls 

nnf ""otor controls are very deUcate instruments. However if thev are 

TeZ^::tVTelel^ S^^^^ of trouble-free service. Thermostatic^'otor'ooVrols 
pletetJntrol^ ^^rof^Ih^^'c^o^ro.^llTs^lT^"^ ^^^""^ °^ 

char^e^'''^T?f, ^hjt^^f ' °"^i°"flly. the power element will lose part or all of its 
Charge. This charge is very smaU and any loss at all wiU cause the unit to fail a 
V^^l.'l ''°««'\'^P'^^y t-be Will give the same indicLion a ^osTof chS^^e 
uTs p^sib7e^"g\\T:ot ""'""Z"^^"^, replacement of the complete cont^^T' However, 
^•eat^e mu.t hi "^^^"7^"^ P^'^^'' ^^^^^^'^ for some controls. Needless to say, 
great care must be taken to insure thai you have the correct replacement item. 

and clTlhev ^""iT t""'- t^''" ''""^^^ '''''' ^'^^"^ P°i"t8 open 

Xdrd^ever^lo- "!* '''''' become 

s^isfartorilv^nr 1 ""trol Will operate 

rfoX td th. -n^-r M considered a temporL y 

repair and the control should be replaced as soon as possible. 

,n,„7^^" 1.^^ "^^^ ^8*^* do "Ot move very far, but they do move 

i::^^^^ t^oiaii 

control " determined and repaired without having to replace thl 

adn J^^^^" "^u^ "malfunction is caused by unauthorized personnel attempting to 
adjurt the controls. When this condition is found, readjust the control and instnic^ the 
user in the correct function and purpose of the control. Also indicate tS aSmert 
by unauthorized personnel usually results in inefQcient operation. adjustment 

rathertZuss,l£^eritfs' " ^'^"^^'"^"^ ^"^'^^ ^^^^ ^° 
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LOW-PRESSURE MOTOR CONTROL 



When studying the operation of the low-pressure motor control (LPMC), the first 
question that comes to mind Is: How can a pressure-actuated device control tempera- 
ture? The answer is simple. Remember that the pressure above a liquid determines 
its boiling point. This characteristic is reliable and definite (r^fer to a temperature- 
pressure relationship chart). Refrigerant 12 under a pressure of 37 PSI will boll at 
40 F. Going one step further, if we have a system that uses Refrigerant 12 and controls 
the evaporator pressure at 37 PSI, we can expect a temperature of 40 F. Therefore, 
we have controlled the temperature by controlling the pressure. 

Motivating Units 

The motivating units for a pressure motor control are: 

1. Bellows (Figure 29) 

2. Diaphragm (Figure 30) 

3. Bourdon tube (Figure 31) 

NOTE: The bimetallic elements, being temperature - sensitive and not pressure 
actuated, are not used with pressure motor ccotrols. 

Adjustment of Low-Pressure Motor Control 

There are many variations in the characteristics of individual types of motor 
controls. Generally, each control is provided with adjustment of one kind or another. 
This permits the operator to select the operating condition best suited for a particular 
application. One of the most useful tools in the adjustment of controls is the pressure 
control setting chart. 

If there is no control setting chart for a particular box, the next approach is to use 
the pressure -temperature relationship chart. In this case, estimate the desired tem- 
peratures and convert these temperatures to pressures. Set the control for these pres- 
sures. As an example, the desired temperatures are 10° to 25^ F, using R^22 as a 
refrigerant. Referring to the P-T chart, R-22 will produce these temperatures at a 
pressure of 33 to 49 PSI. Set the control for these pressures and the box should operate 
at the desired temperatures. (This explanation is for discussion purpose only. In 
reality, there will be approximately 10^ F to 20° F difference between box temperature 
and evaporator temperature.) 

To utiliie this method of setting controls, the operator must have enough experience 
to make good approximations of the desired operating temperature. 

The next problem is to determine the adjustments that are to be made on a control In 
the field. There are two common adjustments of low pressure controls, adjustment of 
cut-in and cut-o\i (see Figure 34) and adjustment of cut-in and differential (see Figure 



The difference in adjustment of these two types of controls is very minor. However, 
to make sure that the procedures are well understood, let us solve a problem using both ' 
types of controls. 
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Figure 34. Cut -in and Cut -Out 
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Figure 35. 


Cut An and Differential 



Adjust a pressure control on a walk4n refrigerator using R -12 refrigerant. The 
desired cut-in is 25 PSI and the desired cut-out is 10 PSI. From these tw values 
the differential will be 15 PSI, The adjusted control should appear as illustrated in 
Figure 34. 



Setting a control for cut -in and differential requires a Uttle thought. There are still 
only two settings to make. Read the scales very carefully. Remember, with this 
arrangement, the cut-in and the differential are set. When properly set for the same 
values prescribed in the previous paragraph, the control will appear as in Figure 35, 
It is extremely important to realize that by setting the cut-in at 25 PSI and the differential 
at 15 PSI, the cut-out will automatically be 10 PSL 
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NOTE: A(Uu«ting the cut-in and c»*-out (or cut -In and differential) too close 

together will cause the unit to cycle on and off too quickly. This is known 
a* 'short -eye ling. " 

J}^^/^? ^ ""^ appUcation where an electrical device is controlled 

by sensing changes in a pressure. No matter what the use, the operation of the low 
pressure motor control is still the same. ^P^^^iiun oi me low 

HIGH PRESSURE SAFETY SWITCH (HPSSW) 

nr«.I^r * "'^^ '^^''^ couiected to the discharge side of the com- 

™!?K. K*^?* ^^^^^"^ ^"^^ excessive head pressure. (The best place to 
sense the head pressure is directly from the compressor head. ) 

of thJ roXtf T!.** pressure motor control except for the action 

ciit to st?n fh. on " ' head pressure rises to the cutout, the contaSs open the cir- 
cuit to stop the compressor motor. After the head pressure returns to normal the 
contacts close the circuit to restart the compressor motor. 

However some HPSSW have a "lockout" device that require the control to be 
reset manually once the unit has cutout due to high head prwsure. 

nrJ^!!LT°'t[ °? ^^'^^'^ »diusted to 20 percent above normal operating 

pressure for the type of refrigerant in the system. ^ * 

SUMMARY 

a^,^l^l'^I^^'^u^ refrigeration system is the motor control. It is impossible to 

Z^^^FJ!^ use, function 

and maintenance of these delicate controls. *- , , ivmi.i.iyu. 

There are two types of motor controls, the pressure -operated type, and the 
temperature-operated (thermostatic). Both controls have the same purpose. Thev 
start and stop the unit at a predetermined temperature. In most cases, it is just as 
bad for temperatures to go too low as it is too high. 

QUESTIONS 

1. What is the purpose of a motor control? 

2. How is a motor control wired? 

3. When is a TMC required? 

4. Define Xut-in. " 

5. Define "Cut-out. " 

6. What is the difference between differential and range? 

7. What are the types of motivating devices? 
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8. Explain the purpose of "snap action" in a motor control? 

9. Where is the feeler bulb of the TMC located for a forced air, air conditioner? 

10. What are the common troubles of motor controls? 

11. How can the space temperature be controlled other than with a TMC ? 

12. What are the motivating devices of an LPMC ? 

13. What are two common adjustments of the LPMC ? 

14. Explain the term 'short cycling. 

15. What IS the purpose of the HPSSW? 

16. Where is the best place to install the HPSSW? 

17. Ho^v will the contacts on the HPSSW act with an increase in head pressure? 

18. What should tije cut-out of the HPSSW be set at ? 

19. What should the cut- in of the HPSSW be set at? 

20. Is the unit malfunctioning if the space temperature goes too low? 
REFERENCES 

1. Modem Refrigeration and Air Conditioning, Althouse^and Turnquist 

2. Commercial and Industrial Refrigeration, Nelson 

3. Principles of Refrigerati(»i, Dossat 
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REFRIGERATION ACCESSORIES AND TROUBLE ANALYSIS 

OBJECTIVE 

To help you to learn the purpose, principle of operation, maintenance requirements, 
location, and identification of refrigeration accessories, and determine the causes of 
malfunction in refrigeration systems. 

INTRODUCTION 

So far, you have studied the units that make up a basic refrigeration system. There 
are several other units that, If used correctly, will materially increase the efficiency 
of the system. These units are called accessories. They are often advisable but not 
definitely required In a system. Each system must be considered individually before 
It can be determined If a given accessory will Improve the efficiency of the system. 

Trouble analysis Is an organized process of elimination. The first thing to do Is 
Install the manifold gage assembly and operate the system. If possible. While the unit 
Is operating, it will give you time to listen to the user's complaint as well as observe 
the symptoms of the system. In some cases, It is possible to determine the malfunction 
Immediately, while In other cases, you may have to check several things before 
determining the exact trouble. A few minutes spent In observation and analysis may 
save hours of work later. 

REFRIGERATION ACCESSORIES 

Heat Exchangers 

A heat exchanger (Figure 36), whether used In refrigeration, heating, or any 
other application Is a device for transferring heat. In the refrigeration Industry, a 
heat exchanger is used to transfer heat from the hot liquid line Into the cool suction 
line. A typical heat exchanger InstaUatlon is illustrated In Figure 37. The suction 
vapor (at a low temperature) goea through the Inside tube In one direction and the hot 
liquid goes through the outside hibe In the other direction. The hot liquid In the outside 
tubes keeps the heat exchanger from sweating. For best efficiency, the heat exchanger 
should be Installed In the refriarerated space. 

The count erflow effect of the hot liquid on cbol n jot Increaaes the heat transfer 
rate. 

Advantages of Heat Exchangers 

There are several advantages of using heat exchangers. 

1. Minimizes flash gas. 

2. Sweating or frosting of the suction line Is minimized or eliminated. 
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Figure 36. Heat Exchanger (Shell and Tube) 
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ngure 37. Location of Heat Exchanger (Shell and Coil) 

Flooding of liquid refrigerant to the compressor is minimized or eliminated. 
Uquid enters the expansion valve at a lower temperature. 

This advantage is very important in low temperature application The hot liquid 

5r li?re'i ill' ""'^ '^"^ temperaturTreduced in the e^ai^rl- 

tor before it can be evaporated. This means that heat is being carried into the 

ZT/'"'^" ^ '""^ ^'^"^ ■• ^ P^«^ ^'^^"^ expansion valve, part o the 
liquid vaporizes and take, up the sensible heat from the rest of the 1 qST 
reducing its temperature to that of the evaporator. 

As an example if one pound of 100° F liquid passed through the expansion valve 
into an evaporator with a temperature of 0°, about 1/16 of the pound would be 
vaporized reducing the 100° F liquid to 0°. Therefore, there ^uld ^Zy 
15/16 of a pound of liquid left to produce refrigerating effect. 

Increase compressor efficiency. 

thl'!i'"JJf."'*"°'^"^ temperatures, a heat exchanger will increase the volume of 
the suction gas enough to offset any advanta;;^ gained by reducing the amount of 



1S5 



^o'iflf"/" the evaporator. This ha^ caused several manufacturers of air 

Kstor go.s down, the refrlrerM i„7h! i "'■■'8<"'>"< "ch time the 

«.e -^o,.ail-'L"c' riTc^'i,',^^.^^^^^^^ This reduces 

increase the temperatures of the suction eaa ^^aPO'^ator. A heat exchanger will 
of the cylinder wall and the ol v^JS^ res^; i J. ^""^''^^ the temperature 

The thin oU fUm can hold verr ilSe Je °" '^y""*'^ 

from the cylinder each stroke. "^"g^'^a"^ so the piston can remove more vapor 

ACCUMUU^TOR 

T^.T:: %r^^^-^'^^,T^Ti^' ''X r ^^^^^ -umulator 

U^T'b to the^om^." H^l ^ f^m°r re^e nls ^cTe; ^ ^^"^^ 
heat to the liquid in the bottom of the tank This «cht^ of k 

vaporize and Is removed ^ the comprl^or SoJ^ uTb itt rh"'' "t" '"^""'f '° 
the cooled liquid continues to the ex^nslon viveXo " h UneT Th.?'*"^f ? 
used on systems operating at 0°F and below D. The accumulator is 
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Figure 38. Accumulator 
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Oil Separators 



Oil separators (Figure 39) are just what the name implies. They separate the oil 
from the vapor. An oil separator consists of an enclosed steel cylinder with a float and 
needle valve inside, a gas line from the compressor, a gas line to the condenser, and an 
oil return line to the compressor crankcase. As the hot vapor and oil come from the 
compressor, the oil falls to the bottom of the oil separator and the vapor goes to 
the condenser. When enough oU has accumulated, the Qoat rises, opening the needle 
valve (the needle valve is always below the level of the oU). The high side pressure 
forces the oA to return to the low side of the compressor, (See figure 40.) 



OIL LINE TO 
COMPRESSOR 



HOT GAS FROM COMPRESSOR 



HOT GAS TO CONDENSER 




FLOAT 



NEEDLE VALVE 



Figure 39. Oil Separator 

Most expansion systems operating at temperatures above O^F do not need an oil 
separator. Water coolers, low -temperature systems, and complex multiple installa- 
tions operate much more efficiently if an oil separator is installed. The oil separator 
is msulated to prevent the refrigerant vapor from condensing in the separator and 
being returned to the compressor as a liquid with the oil. 



Moisture 

Moisture in refrigerating machines constitutes a very important problem for both the 
manufacturer and serviceman. Engineering has solved most of the mechanical problems 
in refrigeration while producers have virtually eUminated difficulties due to refrigerants 
unless those are nushandled. For the most part, satisfactory lubricating oils have been 
provided, reciicing trouble from this source to a minimum. However, moisture is still 
found in some machines. Absence of moisture is absolutely essential for satisfactory 
machine operation. It is, therefore, imperative that moisture be eliminated during the 
manufacturing process, and the entrance of moisture in a system be guarded against in 
all fields of operation. If moisture does get into the system, the removal must be accom- 
plished as soon as possible. 

Moisture may get into a system as the result of: 





Flgore 40. Location of Oil Separators 

1. Faulty drying methods at the factory. 

2. During aaaembly or sendee operation In the field . 

3. Low side leaks (this can only happen if the low side Is below atmospheric pres- 
sure or operating In a vacuum). 

4. The breaking down of some hydrocarbon in the oil that produces moisture 
(caused by excessive operating temperature). 

5* Moisture in ttie oU (this happens very often if the container holding the oil is 
left open for any period of time). 

8. Moisture in ttie refrigerant (manufacturing methods will sometimes allow mois- 
ture to get into the refrigerant). 

EFFECT OF MOISTURE. Moisture in a refrigeration systo ji may result in one or 
more of the following effects: 

1. 'Treerlng up'' at the expansion device (this can only happen if the temperature 
is below 32^F). 

2. Corrosion of metal to form sludge (this condition will stop up or clog the expan- 
sion d^^ce and screen). 

3. Copper plating (this condition will result in the piston sticking in the cylinder). 

Ice separates from the freon, chloride, and butane refrigerants whenever the amount 
of moisture is great enough and the temperature of the refrigerant low enough. This 
accounts for the formation of ice in the expansion valve, capillary tube, and evaporator 
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1. Water and sulfur dioxide combine to form sulfurous acid fHo^o,^ t»,4« 

f.: ^c^ci^^^x? s ^^^^^^^^^^^ ™ °- - 

" ^t".tcSr?^^^^^^^^^ -acid 

^ e'rchXs"°^he7om'SM (^2^21 This acid Is used 

aFrlTn U11 Some servicemen In the field claim that water in 



Driers 



of a deslccant (drying jgent). opei-allon. This can be done by the use 

in.e^r;%»e'd' x'/Syt.' rrcoZ'^v "* 

property of removtnir molaturA »uh»r vT^k contains a chemical which has the 

^•Tir.^,Zt,T^TuLZl s^oSrb^=^;,~s',rp^"«i^ ^^'^ „ 

from the receiver connected to the bottom. vertical position with the line 



INLCT 

OUTLET 





Figure 41. Drier ' ^ 
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Calcium Chlorldt 



. . * chemical deaiccant that may t>e used with all refrigerants. It will not 

ilin* moisture content to a very low level, but Is satisfactory for ordiixary refri- 
geration system. When calcium chloride absorbs excessive amounts of n^sSre a 
highly corro^ve Uquid Is formed which will escape and cause disastrous resuUs. A 
drier containing this chemical should not be left in the system over 24 hours. 

Calcium Oxide 

ur^nTiU'alfJ S?*'' f •^"'^.•"^ deslccant. Its principal disadvantage Is that It powders 
Calcium Sulphate 

and Ji^tii ^or^f «If " as much as calcium oxide 

and with the correct filter does not cause any difficulty. 

Aluminum Oxide 

refrl^iJin?'^"*"^ removes acid and moisture by adsorption. It may be used with any 
SiUca Gel 

m«^Il!^ J8 the most popuUr drying agent. It is slower than some of the others but it 
may be left in the system indefinitely. uuicio uui xi 

i. , °n I? ^^^"^ according to the horsepower of the compressor motor. If no data 
la available, use one pound of desiccant for each 10 pounds of refrigerant in the system. 

Vibration Eliminators 

h« „2i^v^^^^u°?*''*'^ '=°PP*'" ^"'^^"K ^» "sed, vibration eUminators must 
be used. Vibration eliminators are made of corrugated copper tubing with a braided 

?>, installed In both the discharge and suction lines and 

^» vibration of the compressor. High-pressure flexible hose Is also used as a 
vibration eUminator, particularly in automobile air conditioning. 

Surge Tanks 

In an instantaneous water or beverage cooler, the warm Uquld enters the cooler 
causing the refr^rant to boll and generate a lot of vapor in a very short time If this 
vapor 18 confined In a small space, the pressure will rise very rapidly. The rise in 
pressure will cause the compressor to start. Since the space is small, the compressor 
w^U operate for a very short time, then the pressure will be reduced and the compres- 
sor will shut off. Soon the short cycling results In undue wear and tear on the motor and 
the. compressor. A surge tank. Figure 42, placed in the suction line will increase the 
space for the vapor to accumulate, and thus, it will take longer for the pressure to rise 
to the point where the compressor will start. After the compressor sUrts. a lonirer 
time will elapse before the pressure will fall to the point where the compressor will stop. 
The larger the surge tank is, the less tendency for the compressor to short-cycle 
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Figure 42. Surge Tank 



Fusible Plugs 



These plugs consist of a bushing with the Inside space filled with a soft alloy This 
soft alloy Is the weakest point In the system. U the high side pressure should go'too hlg^ 
the soft alloy wlU blow out. The fusible plug Is easUy replaced and it eliminates dama« 
to some high-priced unit in the system. 

Pressure Relief Valves 

These valves have the same purpose as the fusible plugs. When the pressure reaches 
a predetermined point, this valve wiU open and relieve the excessive pressure. As soon 
as the pressure has been reduced, th^ valve will close. 

There are t-wo types of these valves In common usage - the adjustable and the non- 
adjustable. The adjustable type can be 8«t to open at any pressure desired. The pressure 
should be set approodmately 20% above the maximum operating pressure. For a Freon- 
12 system using an air-cooled condenser, this would be 230 to 235 FBI. The nonadjustable 
is set at the factory. The pressure setting is normally stamped on the top of the valve 
When using a valve of this type, make sure the setting is high enough so that the valve * 
will not open during operation but Is low enough to protect the equipment. 

Strainers 

Regardless of how careful the serviceman performs his job, he will allow some 
small bits of metal, dirt, or other foreign matter to enter the refrigeration system. 
Strainers are used to catch and hold these small foreign particles before they damage the 
compressor or clog up the expansion valve. Strainers are made from fine mesh wire and 
are designed to hold a great deal of foreign material before they become stopped up. 
Strainers may be located in either the liquid line or the suction line, or both. There 
should always be a strainer at the inlet of a refrigerant control and in the compressor 
just before the vapor enters the cylinder. 

TYPES OF STRAINERS. There are several types of strainers. 
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^' ^^^^r^^li^Jl^f'^'^V'^T'^^^'^'^'^'^^''*' The strainer area 
i i^^^^ ? ^ cl*"^' by removing the unit 

and blowing dry air or refrigerant through It bacJcward. 

2. "Y" Strainer. This strainer consists of a 'y-shaped frame containine a 
removeab e screen The frame is InstaUed in the line and the screen ia 
removeable without removing the strainer frame from the line. 

3. Angle Strainer. This strainer is always installed where the line makes a 90° 
angle. It is possible to remove and clean the screen without disturbing the 

rr/^^'jjiS*!^" ,7^'.^"^''' ^ * "^"'^ ^ » cylindrical form. 

It is InstaUed at the inlet of expansion valves and in the compressor valve 
plate. 

MufQers 

'^'^ operation is essential, speclaUy designed mufQers may be installed to 
cot'presTr^"'"^'' ^'^^ ^ ""^'^^^ UneTe^^ie 



43 

1 '"P 



TROUBLE ANALYSIS 



Types of Troubles 

Refrigeration troubles usually faU within one of the following categories: 

- ELECTRICAL TROUBLES 

- REFRIGERANT CONTROL TROUBLES 

- REFRIGERATION TROUBLES 

The electrical system gives more trouble than the other systems combined. 
Therefore, it is usually best to check the electrical system first. 

Electrical Trouble Analysis 

The refrigeration serviceman must fully understand the use and operation of all 
electrical testing devices. The correct use of these testing devices makes electrical 
trouble analysis rather simple. Their use has been explained In previous Instruction. 

Absence of voltage at the motor is an indication of an open in the power circuit. 
Low volUge at the motor is usually caused by too many electrical units operating on the 
same circuit. A short is normally indicated by a blown fuse. It is usually possible 
to find a short by visually checking the motor circuit until you find a break or crack in 
the insulation. If the power circuit is In a conduit or wall, it is necessary to isolate 
the circuit and use a continuity meter. Some of the more frequently encountered 
electrical troubles are discussed in the following paragraphs. 

OVERLOAD DEVICES. There are many things that will cause the overload 
protective device to actuate. Generally speaking, the tripping of a Une starter will be 
indicated by a red button marked ''Reset*' protruding beyond the cover of the line 
starter. The real problem is to determine the trouble that caused the tripping device 
to actuate and the proper method of correcting it. 

Faulty overload protection is a fairly common type of trouble. In some cases, this 
is caused by improper adjustment of the overload relay. Its setting is frequently 
excessively sensitive. 

In general, however, there is a more basic program Involved. In a large percentage 
of condensing units, the load is very light with the exception of a short period during the 
summer. Even then, the extremely heavy loads are usually intermittent. Thus, it is 
economically sound that the motor should be loaded to Its limits during these periods. 
The overload protection must not trip under these operating conditions. A properly 
functioning overload device will function only when the motor Is subject to damage from 
an overload. Variations in the manufacture of overload devices and motors, together 
with the variations in condensing units and their applications, affect the accuracy with 
which the overload protection can be applied. Some ovex-load relays can be adjusted. 
However, this adjustment should l>e made by a competent electrician. 

High ambient temperature at the motor or motor control may cause the overload to 
trip. Most motors are designed to operate in an ambient temperature of 100 degrees or 
less. If boxes and crates are stacked around the motor in such a way that ventilation Is 
hindered, temperature around the motor may reach 200° F. Make sure all motors 
have sufficient ventilation. On very hot days and under heavy loads, if may be necessar> 
to use a fan to farce air over the motor and motor control. 
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OVERLOADING. Excessive loads may be indicated by a number of things. 
Overload tripping out, overheating of the motor, and failure of the motor to start are 
all symptoms of an excessive load. The only remedy for this condition is to remove 
part of the load or increase the size of the equipment; however, the repairman should 
first assure himself that the overload is not due to an improperly functioning refrigera- 
tion system. 

A dirty air-cooled condenser will cause an increased load on the motor by increasing 
the head pressure at which the unit operates. The condenser can be readily cleaned with 
a brush or with the attachments of a vacuum cleaner, A clean condenser is more effi- 
cient in transferring heat, thus reducing running time, head pressure, and operating 
cost. 

Water-cooled condensers develop a coating <m the heat transfer surfaces when 
hard or dirty water is used. With the lowered rate of heat transfer, the water- 
regulating valve increases the flow of water in its endeavor to hold a constant head 
pressure. Thus, at Qrst, a dirty water-cooled condenser causes an increase in the 
amount of cooling water used but the head pressure remains about normal. As the 
condenser gets dirtier, the water- regulating valve opens completely, but the flow of 
water is restricted by the dirty condenser and the head pressure increases. Obviously, 
under such conditions, the condenser should be cleaned periodically. 

MOTOR TROUBLES. Motor heating should be verified with a thermometer unless 
the evidence is unquestionable, such as smoke or charred insulation. The temperature 
of a motor cannot be dependably determined by feeling with the hand. The thermometer 
bulb should be attached to the motor with putty. This eliminates Its being affected by 
the temperature of the surrounding air. Most electrical motors are designed to 
operate at a temperature of 40° C (72° F) above ambient temperature. If the motor 
overheats, measure the current flowing through it. The current flow should not exceed 
the value on the data plate. 

Most motors are designed to operate in an ambient temperature of 72 to 75° F. 
As the temperature increases, the capacity of the motor decreases. The data plate may 
indicate that the motor will produce one horsepower. That means it will produce one 
horsepower in an ambient temperature of 72 to 75° F, However, it will not produce one 
horsepower if it has to operate in an ambient temperature above 75°. The converse of 
this is alBo true; the motor will produce more than one horsepower If It operates In an 
ambient temperature of less than 72°, 

Dirt in the motor nuy coat the windings and other heat- dissipating surfaces to such 
an extent that the heat Is not carried away fast enough and the motor becomes overheated. 
This condition is often encountered In mess halls, cafeterias, sandwich shops, and other 
places where the air contains cooking fats. If the motor cannot be shielded from the 
dirt, periodic cleaning is the only answer. 

The voltage can be so low that the motor will fail to start. If It does start, it will 
operate at less than rated RPM and the efficiency of the unit will be reduced correspond- 
ingly. Check the voltage at the motor terminals with the motor operating under maxi- 
mum load. The voltage must not drop more than 10% of the rated voltage stamped on 
the data plate. A low voltage condition can be caused by loose or corroded connections, 
but usually, it is caused by overloading the circuit. If a low voltage condition is found, 
remove some of the electrical units from the circuit or install a new circuit. 
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Motor Running in the Wrong Direction. Incorrect motor rotation is the resutt of 
careleas haphazard workmanahip and la completely inexcusable. The lubrication 
systems on all compressors are designed to c^erate according to a given direction of 
rotation. If the compressor runs in the wrong direction, the lubrication system cannot 
operate efQciently and the compressor may be damaged. When this condition is founds 
check the compressor for damage and change the direcUon of rotation of the motor. 

ELECTRICAL POWER TROUBLES. A "no»» power or low power condition can be 
the result of opens, shorts, blown fuses, corroded or pitted points, faulty capacitors, 
or loose connections. It Is necessary to use a process of elimination to determine 
which of these is causing the malfunction. 

No Power. If there is no power available at the motor, use a voltmeter and check 
each junction box and connection for power. If there is no power at the building jvmction 
box, the trouble is In the distribution system. 

If the motor will not start, the trouble usually is an "open. " Most opens are 
caused by blown fuses. If the fuse proves to be satisfactory, use a test light or volt- 
meter and check for power. Repair the open, start the motor, and observe for normal 
operation. Blown fuses can usually be detected by inspection. However, it is not 
always the case. Sometimes, a fuse may look good, but in reality be blown. A fuse 
can be checked with an ohmmeter or test light. 

A loose connection can occur In the wiring, motor control, or motor windings. A 
loose connection may make good contact, when the terminals of the voltmeter are 
pressed against it, but make poor contact when the pressure Is removed. A malfunction 
of this type Is very hard to find. It may be necessary to tighten all connections until the 
trouble is eliminated. 

Capacitor Failure. Capacitors will fall after being in operation several years. 
The only remedy for a bad capacitor is to replace it. 

Electrical Shock. This condition can be caused by one of two things. When one 
receives an electrical shock from the equipment. It is usually because it is Improperly 
grounded or because of a shorted circuit. When static electricity is the cause, ground- 
ing of the equipment will take care of the trouble. When a power line is shorted, you 
must find the short and tape the line. A hot line shorted to the equipment is a very 
dangerous condition and should be remedied immediately. 

Low Power. This condition is usually caused by placing too many electrical units 
on one circuit. A great number of buildings throughout the Air Force were originally 
wired for lights only. However, at this time these circuits «re required to carry office 
machines, fans, air conditioners, etc. If a low power condition Is foxmd, run a new 
circuit. 

Refrigerant Control Troubles 

Some refrigeration specialists seem to think that the refrigerant control causes 
most of the trouble In the system. Some repairman quickly blames the expansion valve. 
Needless to say, this practice Is both expensive and unnecessary. In reality, the 
expansion valve gives very little trouble. It should never be changed until all other 
possible malfunctions have been checked. 

. ■ I~o 
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EXPAJISION VALVE OBSTRUCTED. Sometime, the expanaion valve may rtick in 
a nearly doted poeition. Occasionally, dirt wUl obstruct the How of refrieeraS through 

T!!iI^:Lt^i:?r * '"^ ^^^^^ refrigerant passe, throu? tt JilvT 

K ,7,?^^ In a tow sucUon pressure and a warm cooling coil. The expansion valve 
should be removed, cleaned (wash In R-U). readjusted, and repUced. Ifthe needle 
or seat shows wear or corrosion, discard the valve and replace it with a new one. 

n,.„i^w^^?^y^^ry^^^°^°**^^'^LY. Occasionally, an expansion valve 

^ "'•closed posiUon. This may be caused by corrosion, dirt, or wax 
iinS:^^J!!!' f^^io'' P'^w^re Will be low, but the cooling coil and action Une 
«»m1. u ^ sometimes be loosened by striking it Ughtly with a 

rawhide hammer. However, this should be considered a temporary repaS^ A ^v^ 
that gives trouble once wiU usuaUy give trouble again unless iVis cleanVd corrertly 

r.J21?fV^^^Z^^ "^^ ^"^^^ •^•"'•'^t 0^ expansion valve 

consist, of the thermal bulb, connecUng tubing and the beUow. or diaphragm. If the 

n,!w rli*" J^f "^^T* completely, thus shutting off the 

refrigerant flow. One way to test for a lost charge is to remove the thermal bulb from 
he suction line and hold it in your hand. The heat from your hand wiU open the valve 
if the power element is not defective. 

IN EXPANSION VALVE TOO SMALL. If the pressure drop across the 

Ir^^r^ -i^i "^"u '^V*^^^ in the evaporator and low suction 

11^^ condition can be caused by the engineer not specifying the correct 

mechanic not checking the orifice size when tosSllii the valve. 
If this condition is found, increase the size of the orifice. It may be possible to 
remedy this condition by increasing the head pressure, but you will also increase 
operating cost. 

EXPANSION VALVE STUCK OPEN. This condition can be caused by corrosion, 
A ""LT^:. Occasionally, the valve may open excessively because the thermal bulb 
and suction Unes are not making good contact. The thermal bulb should be fastened to 
.n.'^i^^^ K°. ^ Insulated so that the temperature of the bulb and suction 

Une wlU be approximately the same. When the expansion valve remains open, it 
causes a high suction pressure, frosting of the suction line, and aooding of the 
evaporator. 

EXPANaON VALVE OUT OF ADJUSTMENT. This condition is usually caused by 
Inexperienced personnel trying to adjust the control. Readjust the control and advise 
the user to leave it alone. 

GAS IN THE UQUID LINE. It takes a very small amount of gas in the Uquid line 
o redice the capacity of the expansion valve tremendously. Gas can be caused in Uie 
Uquid Une by a shortage of refrigerant, partiaUy phigged strainer or drier, excessive 
pressure loss in Uie Uquid Une, or a large heat gain in the Uquid Une. If the Uquid 

ISif^n^Kr^,* fv^lf "fi^f"" ^^"^^ " P^** heat to cause 

some flashing" in the Uquid line. 

When bubbles are noted In the sij^ht glass, the cause must be determined and 
then corrected. 
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INCORRECT LOCATION OF EXTERNAL EQUALIZER LINE. When an externally 
equalized valre la used, the equalizer oannectlon should be made at a point In the 
suction line that will reQect the pressure existing In the Une at bulb location. 

INSUFFICIENT PRESSURE DROP ACROSS THE VALVE. Expansion valves are 
normaUy deslpaed for a 80- PSI pressure drop. If the net pressure drop across the 
valve is less than 80 PSI, the valve capacity will be reduced accordingly. Low 
conden^ pressures or excessive Uquld line pressure losses are usually ihe cause 
or insufQclent pressure drop across the valve. 

GAS-CHARGED CONDENSATION. When using gas-charged valves, the body of 
the valve must be warmer than the thermal bulb. If the body of the valve becomes 
colder than the bulb, the charge may condense at the diaphragm, causing the valve 
to lose control and close. 

If gas condensation Is suspected, heat the valve body with warm water and 
observe the results. If this corrects the malfunction, the expansion valve must be 
relocated or exchanged for one with a liquid charge. 

INCORRECT BULB INSTALLATION. The thermal bulb must be securely 
fastened to the suction Une with two bulb straps and must be insulated from ambient 
temperatures. A loosely connected thermal bulb or ambient temperatures can cause 
very erratic operation. Check to make sure the thermal bulb is not trapped. 

Refrigeration Troubles 

The best procedure for diagnosing refrigeration troubles is to observe the 
operating pressures. As long as the unit is properly designed and sized, both suction 
and head pressure should correspond to the pressure temperature chart. 

SUCTION PRESSURE. Suction pressure of the system Indicated by the suction 
pressure gage should correspond to a temperature approximately 10° F, less than 
the temperature of a thermometer placed on the cooling coil. 

EXAMPLE: A system using R-12 and having a suction pressure of 37 PSIG will 
haye an evaporator temperature of approximately 50° F, By subtracting 10° F, 
for the temperature difference between the inside and outside cooling coil 
condiUon, and by checking the P-T Chart, we can determine the temperature of 
the refrigerant in the suction line. 

HEAD PRESSURE, To determine the proper operating head pressure on forced 
convection air-cooled units, add 30 degrees to the ambient air temperature and obtain 
the head pressure from the P-T Chart- The 30 degrees are an average, 

EXAMPLE: If ambient temperature is 90°, add 30 degrees (this equals 120° T.). 
With a system using R-12, a 12&-degree temperature equals 157, 1 PSI, This is 
an approximation and a few degrees or pounds variance from this may be 
considered normal operating conditions. 

The same procedure is employed to determine the head pressure of a water- 
cooled unit. However, only 25 degrees are added to the temperature of the inlet 
water. 
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fo'^f^Wl.V^'" 'r""'^" " 'f ^. «*• 25 ""Sree. (this .maJa 
^-i^^i?"*!^ Prwwr.. Low lucUoi preuur. m>7 b« cauaed bj low charaa 

determine the^au^T^^fK. « f« . ^ " important to 

valve"'^biSL^or"""' ^ caused by malfunctioning expansion 

valves, inefflclsnt compressors, high heat load, and high head pressui^. 

^" After several years of operation, the valves rlnia 

^lS°^d^a this^esults^U.?ow «mpres?of ' 



comp^rc^'i^rmediu^oo""^^^^^^^^^ ^^J^^' ^efficient 

controls are design«Kl to^«r:i. , ? '^^^"''^ medium. Most refrigerant 

«ure drop is n? M Pa T/^r^^.f ^7h~" f^^^ °' ^''^ PSI. If the pfes- 
wiU al^be r^cJ.''hls\ZZ'i;'.l^f:^T^^^^^ expansion' valve 

reduce to such a dairrmm th»t no.h J,, evaporator. The head pressure can 
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An lUuitntion of what happtnt wh«n 
moiaturt frttata batwttn tht nut and 

tubing. 

A - Fittlnc 

B - FUra Nut 

C - Tubinf 

D « let Formation 

£ - FUrt Btlnc PoUad Out tst Placa 



Figure Clogged Strainer Figure 44 . Ice between Tubing and 

Flare Nut 

1. Low Charge. A low charge results in a reduced amount of heat being removed 
from the evaporator. Therefore, the condenser does not have as much heat to 
dissipate and the head pressure remains low. 

2. Cooling Medium Too Cold. This happens very often on air-cooled units in 
cold areas. Each application has to be handled independently, ft may be 
possible to restrict the air flow through the condenser or perhaps supply air 
at room tenq>erature to the condenser. In some cases, it may be necessary 
to use an electrical heating lemeut to heat the air before it gees through the 
condenser. Where several condensing units are being used in one place, it 
may be possible to install all of them in an equipment room and mfl<n»fl4n the 
temperature in the room between 70 and 100^ F. This procedure is used 
very often in supermarkets and large drug stores. In case of water-cooled 
units, restricting the flow of water will i^sually raise the head pressures. 

High He^ Fre;^sure. Excessive head pressures will reduce the compressor 
capacity, cause the unit to be noisy, and Increase the operating cost. High head 
pressure can be caused by an overchsurge of refrigerant, ouncondenaibU gaa in the 
condens ar, cooling med^un too hot, Qow of cooling mecUum restricted, or a dirty 
condenser. 

1. Overcharge of Refrigerant. Some refrigeration specialists seem to think that 
adding a little refrigerant will correct all malfunctions. Ona man will add a 
little gas and then >ave without finding or re^>airing the real trouble. The 
trouble is stil^ <here, so two or three days IsLter, the user requests another 
service call. The next man adds a little more gas. Thic orocess is repeated 
until the head pressure gets so high that the unit quits completely or the 
compressor is damaged. Adding refrigerant every time you put the gages on 
a system is a very dangerous practice especially on capillary tube systems. 
If tl:e unit is overcharged, purge the excess refrigerant to the atmosphere 
and determine a.id correct the cause of the original trouble. 
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iM»eoDd«.ibU (MM. Thl. U a mlanomer M tU guts ariwndJnX U 

Uon intkutrj n o nron rt wi rt h lt pmm are thoae gaats that wlU not condmat Si a 
normal r«frlnratloQ lyfttm. NormaUy, whan wt speak of noocondenaible 
£ir«; Il.Hf* ff • Noncondenslble gases can enter the system 

<tarlnf maintenance or when there U a leak In the low side and thr. low side 
pressure goes below 0 PSIG. If air Is foond In the syiitem, purse it to the 
atmosphere. Purging will not eliminate all the air from a systim, but you 
can purn enough to lower the head pressure to normal. 

Whm air is found in the system, the low side must be checked very closely 

J moisture. Therefore, a new drier 

should be installed. 

OccaaionaUy, boxes and material are stacked in 
such V'fJ <*l»charg« air from the condenser will be recirculated 

^Jhrough che condenrer. Providing plenty of ventilaUon will eliminate this 

KJT™' i? " i« n**'*"**^ *° OP*"^"*' ^ » boiler room or other 

^\ " ^ necessary to use a water-cooled condenser. If it is not 
pownwe to redice the temperature of the cooling air or use a water-cooled 
condenser, replace the expansion valve with one having a greater pressure 
dropand increase the size of the motor. Both R-12 and R-22 systems wlU 
operate as long as the temperature and pressure remain below the criUcal 
limit. 

In a water-cooled condenser, the water temperature is seldom too hot. If the 
So;etS;^:'^r«;:r^Jrns?r^ ^^^^^ " ^ -^er tower 

JJ!?!,'!^"*',^'^!. ^" water-cooled units, the condenser may become 
clogged with dirt, scale, and corrosion. The remedy is to clean the condenser 
ana water pipes. 

In air-cooled units, providing plenty oi ventUatlon will usuaUy reduce the head 
pressure. ' 

5. OrtyCondene r. All condensers get dirty and must be cleaned. However 

those operatinjg in areas such as mese haUs where the air is full of cooking' fats 
get dirtier and cause more trouble than any of the others. 

Service Charts 

The general operation at the system is very important in diaimoalnir r-fTH«,.oH«„ 
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Service charts are especlaUy helpful to a bejinner In analyzing troubles. These 
charts Should be used only as a guide. As you gain experience and knowledge, the use of 
these charts will beconie less Important. The foUowlng pages contain several Service 
Charts with associated complaints and systems. Study them and keep them handy; you 
will use them many times In this course. 



SERVICE CHART NO. 1 

» 

COMPLAINT: Unit will not operate. TYPE OF SYSTEM: Any 



Observations 


Possible Trouble 


Remedy 


Unit will not start 


Electrical Troubles 

1. No power at main junc- 
tion box 

2. Blown fuse 

3. Open switch 

4. Open In the power line 


1. Check voltage at the main 
junction box 

2. Replace the fuse 

3. Close the switch 

4. Check for an open line 




Motor Control Troubles 

1. Out of adjustment 

2. Points corroded 

3. Broken power element 

4. Broken spring 

5. Kinked or broken 
capillary tube 


1. Adjust control 

2. Clean the points 

3. Replace control 

4. Replace control 

5. Replace control 




Thermal Overload Tripped 

1. Belt too tight 

2. Low voltage 

3. Motor needs lubrication 

4. Compressor stuck 

Motor Troubles 

1. Motor burned out 

2. Start winding burned 
out 

3. Capacitor burned out 


1. Loosen belt 

2. Check voltage at the 
motor 

3. Oil motor bearings 

4. Replace compressor 

1. Replace motor 

2. Replace motor 

3. Replace capacitor 



SERVICE CHART NO 2 



COMPLAINT: Unit operates but will not cool. 
TYPE OF SYSTEM: Any with pressure motor control 

ISI 
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ObMrvitlona 


Possible Trouble 


Remedy 


Suction pressure: Below 

cut-in point 

Head preeeure below normal 
for an operating unit 


Refrigerant Flou 
Restricted 

1. Kink In the liquid line 

2. Closed receiver valve 

3. Restriction In the liquid 

4. Low refrigerant charge 

5. Refrigerant control 
plugged 


1. Replace the line 

2. Open the valve 

3. Remove the restriction 

4. Charge system 

5. Remove and clean the 
refrigerant control 


SERVICE CHART NO. 3 
COMPLAINT: Condensing Unit Short Cycles TYPE OF SYSTEM: Any 


Obserratlons 


Possible Troid)le 


Remedy 


Suction line warm 

Suction pressure: Normal 
to high 

High side pressure: Low 


1. Motor control faulty 

2. Motor control differn* 
tial too narrow 

3. Low voltage 

4. Motor defective 


1. Replace control 

2. Adjust differential 

3. Call electrical repair 
shop 

4. Replace motor 



SERVICE CHART NO. 4 
COMPLAINT: Unit operates but box temperature Is too high. 
TYPE OF SYSTEM: Thermostatic Expansion Valve 



Observations 


PossiUe Trouble 


Remedy 


Suction pressxnre low 
Head pressure low 
Box temperature high 


1. System low on refriger- 
ant 

2. Ice, wax, or dirt plug* 
ging the expansion 
valve 

3. Partial restriction in 
the liquid line 

4. Expansion valve faulty 

5. Superheat setting too 
high 

6. Thermal bulb not 
correctly located 


1. Locate and repair leak 

2. Remove and clean 
expansion valve 

3. Find and remove restric* 
tion 

4. Replace expansion valve 

5. Adjust superheat 

6. Relocate thermal bulb 
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SERVICE CHART NO. 5 
COMPLAINT: Condensing Unit Short Cycles TYPE OF SYSTEM: Any with H. P.M.C. 



Observatlonfl 


Possible Trouble 


Remedy 


Suction line: Warm 

Suction pressure: Noriual 
to high 

Head pressure: High 


1. Condenser dirty 

2 Air tn CiT fvnvn fh* rr>n -> 

«• W V4 Ulw vUll 

denser restricted 

3. Condenser area poorly 
ventilated 

4. Insufficient water to the 
water -cooled condenser 

5. Water pressure too low 

6. Supidy water too warm 

7. Air In the system 


1. Clean condenser 

3. Ventilate area or use 
water-cooled condenser 

4. Remove the restriction 
in the water line. Use 
longer line 

5. Install larger pump 

6. Use water tower or eva- 
porative condenser 

7. Purge 


TYPE OF SYSTEM: L. P.M.C. 


Suction line: Cold 
Suction pressure: Low 
Discharge pressure: Low 
Evaporator: Frosted 
Box te mpe r atur e : High 


1. Evaporator fan running 
too slow 

2. Condensing unit too 
large for evaporator 

3. Air across the evapora- 
tor restricted 


1. Tighten belt. Install 
larger fan motor 

2. Replace condensing unit. 
Reduce the speed of the 
compressor 

3. Move foodstuff to allow 
free movement of air 
acro&s the evaporator 


SERVICE CHART NO. 6 
COMPLAINT: Condensing Unit Runs Too Long or Continuously 
TYPE OF SYSTEM: Any 


Obsecrations 


Possible Trouble 


Remedy 


Evaporator entirely or 
partially defrosted 

Suction line: Warm 

Suction pressure: High 

Head pressure: Low 


1. Low compressor effi - 
clency 

2. Belt Slipping 

3. Low voltage 

4. Undercharged 


1. Repair compressor 

2. Tighten belt 

3. Call electrical repair 
shop 

4. Recharge 
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SERVICE CHART NO. U 



COMPLAINT: Odors 



TYPE OF SYSTEM: 




Odor In refrigerated space 



Odor outside of cabinet 



1. Refrtgeratedspace dirty 

2. Food spoiled 

3. No trap In condensate 
water line 



1. Clean 

2. Remove spoiled food 

3. Insuui ^rap 



1. Belt slipping 

2. Insulation on electric 
lines burned 

3. Motor running hot 



1. Replace belt 

2. Determine the cause of 
the trouble 

3. Determine the cause of 
the trouble and eliminate 
it 



can aetermine If a given accessory shoiild be iMtallAd in fK- o "^"^^^ ^® 

pointa to remember when installing accessort^S^r^ ^"^^ °' 

Tct^T^lki^^'' ^'^"^ " " P<^"i»'le With 

:Z'S7o^,f^T''^ °° ^- is not a 

3. Dealccants. Silica gel ia the best drying agent but is slow in acting. 

^' Inn^n! ^'^'^ ^ ««t Wgh enough to prevent opening 

during normal operation but low enough to protect the system. 

f . «^y«i» l« primarily a process of elimination. A large portion of service 

IZ^Il TJJl'T^ '^'^''''^ reason, it isX^^lI" 

check the electrical circuits before proceeding to the refrigeration system In ^i^yzin. 
a refrigeration system trouble, you must take into account the foUowing tMnp,: ^^^^'^^^ 

1. Temperature of the refrigerated space 

2. Evaporator temperature 

3. Uquld, suction, and discharge line temperature 

4. Suction and discharge pressures 

5. General operation conditions 

Competence in trouble analysis will be gained by field experience or a thoroudi 
knowledge of the principles of refrigeration. . * morougn 
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SERVICE CHART NO. 6 (Contlnaed) 



Evaporator entirely or 
partlaUy defrosted 

Suction line: Warm 

SuctioQ preMure: High 

dead preMure: High 


1. Condensing unit over- 
loaded 

2. Condenser too small 


1. Use larger condensing 
unit ' 

2. Increase the sise of the 
condenser 


TYPE OF SYSTEM: Thermostatic Expansion Valve 


Evaporator not cold enough 
Suction line: Cool 
Suction pressure: High 
Head pressure: Low 


1. Expansion valve out of 
ad]i0tment 

2. Thermal bulb not 
correctly located 

3. Expansion valve stick- 
ing open 

4. Expansion valve faulty 


1. Readjust expansion valve 

2. Relocate thermal bulb 

3. Remove, clean, and test 
expansion valve 

4. Replace expansion valve 


SERVICE CHART NO, 7 
COMPLAINT: Unit Too Noisy TYPE OF SYSTEM: Any 


Observations 


Possible Trotible 


Remedy 


Compressor Is noisy 


1. Compressoz: mounting 
bolts loose 

2. Shipping boUs installed 
S. Belt squeaks 


1. Tighten bolts 

2. Remove shipping bolts 

3. Check pulleys for align- 
ment. Use belt dressing. 
Replace belt 




4. Oil level too low 

5. OU level too high 

6. Air in the system 

7. Overcharge of refri- 
gerant 

8. Compressor worn 


4. AddoU 

5« Remove excess oil 

6. Purge the air 

7. Remove the excess 
refrigerant 

8. Repair the compressor 


Motor is noisy 


1. Needs lubrication 

2. Brushes squeak 

3. Motor bearing worn 

4. Mounting bolts loose 


1. OU 

2. Replace motor 

3. Replace motor 

4. Tighten 


Complete unit is noisy 


1, Piping vibrates 

2. Floor vibrates 


1. Install vibration elimina- 
tors. Place a coll of 
tubing In each line 

2. Install vibration 
absorbers. Strengthen 
the floor. Move unit 
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QUESTIONS 

1. Explain the purpose of heat exchangeni. 

2* How does a heat exchanger increase efficiency? 

3* Where Is the best place to install a heat exchanger ? 

4. What are the types of heat exctangers ? 

5. What Is the purpose of counterflow within the heat exchanger ? 

6. What is the purpose of the accumulator ? 

7. When is the accumulator used ? 

8. Where is the oil separator installed ? 

9. When is the oil separator used ? 

10. Why is the oil separator insulated ? 

11. What are the effects of moisture on a system operating above 32°F? 

12. Name two types of desiccant found in driers ? 

13. How is a drier installed ? 

14. Where is the vibration eliminator installed ? 

15. What is the purpose of the surge tanic? 

16. What is the purpose of pressure relief valves ? 

17. What are the types of strainers ? 

18. Where is the muffler installed ? 

19. What are the three main refrlgeratlcxi troubles ? 

20. What is the first thing to check if the motor will not run? 

21. What is the usual cause of low voltage at the motor ? 

22. What should be done if the capacitor malfunctions? 

23. How can the power element of the thermostatic eaqwmiotx valve be ^.necked? 

24. A hissing expansion valve would most probably indicate^ 
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25, What 18 the normal operating temperature of the forced air condenalng unit at 8oV 
ambient air temperature ? 

26, What should the HPSSW be adjusted to for an R-12 system at lOO^F ambient air 
temperature? 

27 , What is a sign of a restricted drier ? 

28, Name two malfunctions that could cause high discharge pressure? 

29, What two sounds are normaUy heard from an operating condensing unit? 

REFERENCES 

1. Modem Refrigeration and Air Conditioning, Althouse and Turnquist 

2. Commercial and Industrial Refrigeration, Nelson 

3, Refrigeration, Air Conditioning, and Cold Storage, Gunther 

4, Refrigeration Data Book 
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WB 3aBR54530-IV-1-P1 
21 Janiuury 1975 



INSTALLATION AND ADJUSTMENT OF AUTOMATIC EXPANSION VALVES 
OBJECTIVE 

To be able to install and adjust an automatic expansion valve. 
INSTRUCTIONS 
1 



2. 

3. 



Color the high-pressure liq'ild passages 
red (see figure 1). 

Color the chamber containing evaporator 
pressure blue. 

Color the area affected by atomospheric 
pressure green. 

Have instructor check your work before 
proceeding. 



Instructor 



Checked by 

PROCEDURE 

Accomplish all preoperational checks 
listed below prior to operation of the trainer 
and observe the Usted procedures closely 
during all operations' 

PREOPERATIONAL CHECKLIST 

1. Check for loose electrical connections 
and frayed wires. 




A ADJUSTMENT COVER E BODY BELLOWS 
0 NEEOL^ ASSEMBLY h INLET 



Figure 1. Automatic Expansion Valve 
Parts (Bellows Type) 



2. Make sure power cord has a grounding device and spark arrestor. 

3. Check for broken or loose refrigerant lines. 

4. Make sure cut-out setting on high-pressure switch is NOT set above 180 p. s.l 

5. Make sure ALL hand valves are in the OPEN position. 

6. Put on goggles and remove jewelry. 

7. Install manifold gauge assemoiy. 

8. Place service valves in GAUGE position. 
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OPERATIONAL SAFETY CHECK 

1. Remove all obBtructions from trainer (rags, tools, tubing, etc. ). 

^* fnt^wtlJt)**"*'' i"*^ ^ outlet (twiat slightly to right to lock plug 

3. Place switches for evaporator and condenser fan to ON position. 

4. Place selector knob on the Une starter to the AUTO position. 

Z!*!! t° the MANUAL position; additional 

instructions will be given. »""v.u«t 

5. Turn MASTER switch to ON position. 

6. Check operating lifesSure. 
OPERATION 

1. Pump down the unit 1-5 p. s.i. 

2. Close evaporator hand valves. 

3. Fabricate all necessary Unes and install the automatic expansion valve. 

4. Purge the unit from the inlet hand valve to the outlet hand valve. 

5. Check for leaks. 

8. Open evaporator hand valves. 

7- Operate the unit. 

8. Observe the low side pressure gauge. 

9. Adjust the automatic expansion valve to maintain 5 p. s.i. 

NOTE: Turn the adjusting screw (B) clockwise to raise the pressure and counter- 
clockwise to lower the pressure. 

CAUTION: You should never turn the adjusting screw more than one quarter (1/4) 
turn at a time. 

Allow sufficient time for the evaporator pressure to stabilize before furtli'r adjust- 
ments are made. 

11. What is the temperature of the refrigerant in the evaporator ? 

12. Is there a frost line on the evaporator? Why? 
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13. Would it be possible to get Uquld back to the compressor ? 
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14. HaY« the inatmctor check your work before proceeding. 



Checked by 

Inatmctor 



15. Adjoat the automatic expanalon valve to maintain 10 p. a. i. 

18. What la the temperature of the refrigerant in the evaporator? 

ufJ TOctioVuSI"'^°° approximately 2 feet down 



18. What ia the low side preaaure ? 



19. What ia the temperature of the Uquid refrigerant in the evaporator ? 

20. What is the temperature of the vapor at the end of the froet Une ? _ 
Why? 



21 . How would an increaae in heat load affect the following items ? 

a. Low side pressure: 

b. Frost line: 



c. Temperature of liquid refrigerant: 
22. Have the instructor check your work. 



Checked by 

POSTOPERATIONAL SHUTDOWN 

1. Place all switches in the OFF position. 

2. Unplug the trainer electrical cable from the wall outlet. 

3. Roll up electrical cable and place it inside the trainer cabinet. 

4. Back seat service valves. 

5. Remove manifold gauge assembly. 



Instructor 



6. Clean trainer by removing tools and materials and wiping down trainer and 
area. 

7. Leave evaporator door open. 
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WB 3ABR54530-IV-1-P2 
CHECKING AND INSTALLING THERMOSTATIC EXPANSION VALVES 
OBJECTIVE 

To be able to adjust the superheat setting, checking for needle valve leakage and 
checking the power element on thermostatic expansion valves, and install thermostatic 
expansion valves. 

INSTALLING THERMOSTATIC EXPANSION VALVES 

NOTE TO INSTRUCTOR: Furnish each two students with a thermostatic expansion 
valve. 

PROCEDURE 

Accomplish all preoperational and operational safety checks Listed in 
WB 3ABR54530-IV-1-P1 prior to operation of the trainer and observe the Listed proce- 
dures closely during all operations. 

INSTRUCTIONS 

1. List the following information concerning the valve. 

a. Refrigerant ^ 

b. Capacity 

c. M.O. P. if indicated^ 

d. Manufacturer^ 

e. Inlet size_ 

f. Outlet size 

2. Remove and clean the strainer if necessary. 
OPERATION 

1. Pump down the unit 1-5 p. s.i. 

2. Close evaporator hand valves. 

3. Remove the old expansion valve. 

4. If necessary, fabricate and install the Line from the hand valve to the expansion 
valve. 

4 
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5. lMt*ll the new expanaloo valve « 

6. Purge the unit from the Inlet hand valve to the outlet hand valve. 

7. Open evaporator hand valves. 

8. Check for and repair all leaks. 

9. Give the poeitlon of the thermal bulb location on the following suctioo line sizes. 

a. Less than 7/8 Inch^ 

b. 7/8 up to 2 1/8 Inch 

c. 2 1/8 Inch and up^ 

10. Define a trapped thermal bulb. 

11. Explain the effects of a trapped thermal bulb. 

12. Have the instructor check your work before proceeding. 

Checked by 

Instructor 

13. Observe the sight glass and charge the unit ii necessary. 

14. List the low side pressure after: 

a. 1 minute of operation 

b. 2 minutes of operation 

c. 5 min\tes of operation 

d. 10 minutes of operation 

15. If an expansion valve is adjusted to maintain 10^ superheat at 32°F, what will be 
the superheat at 5^F? 
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16. Under what conditions is it permissible to: 
a. Increase the superheat ? 



b. Decrease the superheat? 



NOTE: Superheat = suction pressure converted to temperature, subtracted from 
the superheat thermometer temperature. 

17. What is the superheat? 



18. Adjust the expansion valve to maintain 10 degrees superheat: 

a. Clocicwise increases superheat, 

b. One-fourth turn adjustment at a time. 

19. Have t;he instructor check your work. 

Checke<l by^ 



Instructor 

20. Repeat this project as often as time permits. 

POSTOPERATIONAL SHUTDOWN 

1. Place all switches in the OFF position. 

2. Unplug the trainer electrical cable from the wall outlet. 

3. Roll up the electrical cable and place it inside the trainer cabinet. 

4. Backseat service valves. 

5. Remove manifold gauge assembly. 

6. Clean trainer by removing tools and materials and by wiping down trainer and 
floor area. 

7. Leave evaporator door open. 
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WS3ABR54530-IV-1-P3 

INSTALUNG THERMOSTATIC EXPANSION VALVE WITH 
EXTERNAL EQUALIZER LINE 

eq^a^lSr/lL.''" '° ^-^^ ^ thermostatic expansion valve with an external 

INSTRUCTIONS 
1. List the foUowing Information concerning the valve: 



a. Refrigerant 

b. Capacity 



c. MOP (if indicated) 

d. Manufacturer 

e. Inlet size 

f. Outlet size 



2. Remove and clean the finger screen. 
PROCEDURE 

^-^^l^Tor\:'^^^^^^^ -^ety chec^ listed in WB 3ABR54530- 

during all operatiorS^ ^"'^ '^'^ ^^'^ procedures closely 

OPERATION 

1- Pump down the unit. 

2. Close evaporator hand valves. 

3. Remove old expansion valve. 

5. InstaU the new expansion valve. 

6. Install the equaUzer line on port provided 

7. Give the position of the thermal bulb on the following size lines- 
a. Lesa than 7/8 inch 



b. 7/8 inch to 2 1/8 inch 

c. 2 1/8 inch or more 



/ % 



8. Where should the equalizer line be installed? 



9. Have the instructor check your work before proceeding. 

Checked by 

Instructor 

10. Check for leaks. 

11. Repair all leaks as necessary. 

12. Purge all lines that have been open. 

13. Open evaporator hand valves. 

14. Place the unit in operation. 

15. Observe the sight glass .nH charge the unit if necessary. 

16. List the low side pressure rifter: 

a. 1 cninute of operation 

b. 2 minutes of operation 

c. 5 minutes of operation 

d. 10 minutes of operation 

17. If an expansion valve is adjusted to maintain 10° superheat at 32°F, what will be 
the superheat at 5°F? 

18. Under what conditions is it permissible to 

a. Increase the superheat? 

b. Decrease the superheat? 

NOTE Superheat = suction pressure converted to temperature, subtracted from 
the superheat thermometer temperature. 

19. What is the superheat? 

20. Adjust the expansion valve to maintain 10 degrees superheat- 

a. Clockwise increases superheat. 

b. One-fourth turn adjustment at a time. ^ ' 

er|c 8 



21. Have the instructor check your work. 

Checked by 

Instructor 

22. Repeat this project as often as time permits. 

POSTOPERATIONAL SHUTDOWN 

1. Place ail switches in the OFF position. 

2. Unplug the trainer electrical cable from the wall outlet. 

3. Roll up the electrical cable and place it inside the trainer cabinet. 

4. Backseat service valves. 

5. Remove manifold gauge assembly. 

6. Clean trainer by removing tools and materials and by wiping down trainer and 
floor area. o 

7. Leave evaporator door open. 
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WB 3ABR54530-IV-2-P1 

INSTALUNG AND ADJUSTING THERMOSTATIC MOTOR CONTROLS 
OBJECTIVE: To be able to: 

• Adjust a thermostatic motor control. 

• Install a thermostatic motor control. 
MOTOR AND MOTOR CONTROL CIRCUIT 

1. Below is an incomplete electrical diagram ot a refrigeration system, including the 
motor control. Complete the diagram in proper sequence. Then indicate by arrows 
the current How through the circuit during one alternation. 



120 
VAC 
1 0 



1 



Main 
Sw. Box 



I J 

T M.C 



n !«■ 



I I 

H P.S Sw. 



Evaju Fan 
Motor 



Cotnp Motor Cond. 

Fan Motor 





Figure 2. rypical Circuit Not Using Magnetic Line Starter 

2, What safety precautions should be taken when connecting a thermostatic motor 
control '> 



3. Ask the instructor to check your diagram. 



Checked by 



Instructor 

INSPECTION OF MOTOR CONTROL 

1. Remove the cover from the control, [ ^ 9 

2, Inspect for evidence of dirt, foreign miatter, and corrosion. 
^ 10 
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3. Clean if necesaary. 

NOTE: Comprewed air will u*uaUy remove dirt and foreign matter. OH and 
grease can be removed with an approved solvent or R-11. 

CAUTION: DO NOT USE CARBON TETRACHLORIDE. 

"^^^ •^'^ ^ corroded, remove the old control and 

replace it with a new one. 



NOTE: Reverse installation proce- 
dure (or removal. 

INSTALLATION, IF REQUIRED 

1. Mount the control on the trainer. 

2. Insert the thermal bulb in the 
refrigerated space. 

CAUTION: Do not kink or break the 
capillary tube. 



OPEJI ON 
TEMP. INCRCASC 




Disconnect power. 
Wire the control in series (Ogure 3). 
Have the mstructor check your work before proceeding. 

Checked by 



CLOSE ON UNf. 
INCREASE 
(AIR CONOITIOMINQ) 

Figure 3. 



Instructor 



PROCEDURE 



u/n o^^^^TfcH^ preoperational and operational safety checks Usted in 
WB 3ABR54530-iy-l-Pl prior to operation of the trainer and observe the Usted proce- 
dures closely during all operations. ^ 

OPERATION 



NOTE: Part I is to be accomplished 
on motor controls and 
accessories trainer; part II 
is for discussion purposes 
only. 

PART I 

Adjust the control to maintain an 
average box temperature of 30^ vith 
a differential of 10° (figure 4). 

What is the ci^-in ? 




OlMltfKTIAl 
ACUUSTf t j 
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Figure 4. Remote Bulb Thermostatic 
Motor Control 
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What la the cut-out? 



4, Replace cover (see figure 4). 

5, Operate the unit. 

6, Adjust the range for a maximum box temperature of 40 degrees. 

7, What is the cut-m? 



8. What is the cut -cut 



9. What IS the differential? 



10, Observe very closely and record the box temperature when the unit cuts out. 



11, Record the temperature when the unit cuts in. 



12. Do these temperatures vary from the indication on the decal ? If so, why? 



13, Stop the unit. 

14, Adjust the cut-out for 25°F. 

15, What is the cut-in? 

16, What is the differential? 

17, What is the range? 

18, Would it be possible to adjust the cut-out for 45°F? 

19, Ask the instructor to check your work. 

Checked by 

Instructor 

POSTOPERATTONAL SHUTDOWN 

1, Place all switches in the OFF position, 

2, Unplug the trainer electrical cable from the wall outlet. 

3, Roll up electrical cable and place it inside the trainer cabinet. 



4. Remove manifold g:au^e assembly. 

5. Clean trainer by removing tools and materials and wiping down trainer and n 
area. 

6. Leave evaporator door open. 

PART ri 

1. Set the cut-in at 45°. 

2. Set the dlfferenUal at 10°. 

3. What is the cut-out? 

4. Assemble the knob and lock plate for range adjustment (see figure 4 ). 

5. Adjust the control for an average box temperature of 25^. 

6. What is the cut-in point? 

7. What is the cut-out point? 

8. What is the differential ? 
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WB 3ABR54530-IV-2-P2 
INSTALLING AND ADJUSTING A LOW -PRESSURE MOTOR CONTROL 
OBJECTIVE 

To be able to: 

* Install a low-pressure motor control. 

* Adjust a low-pressure motor control. 

SECTION I 

INSTRUCTIONS: 

1. Using the incomplete wiring diagram in figure 5, wire a low-pressure motor con- 
rol motor control mto the electrical circuit, complete the diagram by drawing in 

the connecting wires. o j © 

2. Have the instrwtor check your work before proceeding. 

Checked by^ 



Instructor 




L2 




EVAP FAr 
hOTCR 



T2 



H 

^NTi-AUTO 
SWITCH 



n n 

K.P.S.SW. L.P.M.C. 




COND. DKIT 
MOTOR 



Figure 5. Low-PresBure Motor Control Wired through Holding Coil 
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SECTION II 

INSTALLING A LOW-PRESSURE MOTOR CONTROL 

INSTRUCTIONS 

1. Install a low-presaure motor control on the controls and accessories trainer as 
required. 

CAUTION: When installing a motor control, observe the following precautions. 

• Avoid sharp bends or kinks in the capillary tube. 

• Insure the control is large enough to h;^ndle the required electrical load. 

• Make sure that the pressure range of the control is capable of handling the 
type of refrigerant in the system. k 

• Coil excess capillary to avoid vibration. 

2. CAUTION: Insure that trainer is disconnected from power source. 

3. Then remove control cover and wire in series. 

4. Replace control cover. 
PROCEDURE 

Accomplish all preoperational and operational safety checks listed in WB 3ABR54530- 
IV-l-Pl prior to operation of the trainer, and observe the listed procedures closely 
during all operations. 

OPERATION 

1. Remove the control knob and lock plate assembly as required (see figure 8). 




Figure 6. Control Knob and Lock Plate Set for Cut-in and Cut-Out 
CAUTION: Do not pry the lock plate off with a screwdriver. 

2. Adjust the cut-in for a box temperature of 40°F. What is the cut-in pressure? 

3. Adjust the cut-out for a box temperature of 30°F. What is the cut-out pressurt 



4. Observe suction pressure gauge during cut-in and cut-out. Are the suction 
pressure settings the same as control settings'^ 

Why? 



5. Readjust oiotor control if required. 

6. Have the instructor check your work. 

Checked by 

Instructor " 

7. Repeat operation, using different temperature ranges, as often as time permits. 
POSTOPERATIONAL SHUTDOWN 

1. Place all switches In the OFF position. 

2. Unplug the trainer electric cable from wall outlet. 

3. Roll up electric cable and place it inside the trainer cabinet. 

4. Backseat service valves. 

5. Remove manifold gauge assembly. 

6. Clean trainer by removing tools and materials and wiping down trainer and floor 
area. 

7. Leave evaporator door open. 



2-5 
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WB 3ABR54530-IV-2-P3 
INSTALLING AND ADJUSTING A HIGH-PRESSURE SAFETY SWITCH 
OBJECTIVE 

• Install a high-pressure safety switch. 

• Adjust a high-pressure safety switch. 
INSTALLATION, IF REQUIRED 

1. Mount the control on the trainer. 

2. InsUU capillary tube to discharge side of the unit. 
CAUTION: Do not kink or break the capillary tube. 

Make sure power Is disconnected to the trainer. 

3. Wire the control in series in the control circuit of the Une starter. 

4. Have the Instructor check your work before proceeding. 

Checked by 

Instrxictor 

ADJUSTMENT 

1. Determine normal operating pressure: 

Ambient temperature plus (+) 30°F for forced air condenser convert to 
pressure for the type of refrigerant. 

2. Adjust cvi-out (right-hand adjusting screw) at 20% above normal operating 
pressure. ^ 

3. Adjust cil-in (left-hand adjusting screw) at normal operating pressure. 

NOTE: Some high-pressure safety switches have the cut-in adjust because they 
are manually reset. 

PROCEDURE 

TV /"°'°P"*'^ preoperational and operational safety check Usted in WB3ABR54 530- 
IV-1 -PI prior to operation of the trainer and observe the listed procedures closely 
during all operations. i-iuociy 
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OPERATION 

1. What ifl the head pre8aure?_ 

2. What should the head pressure be at this time ? 

3. Should this unit be operating? 

Why? 

4. What will happen if the head pressure raised to20percent above normal 
operating pressure? 

5. Have the instructor check your work. 

Checked by: 

Instructor 

POSTOPERATIONAL SHTJTDOWN 

1. Place all switches in the OFF position. 

2. Unplug the trainer electric cable from wall outlet. 

3. Roll up electric cable and place it inside the trainer cabinet. 

4. Backseat service valves. 

5. Remove manifold gauge assembly. 

8. Clean trainer by removing tools and materials and wiping down trainer and 
floor area, 

7. Leave evaporator door open. 
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WB 3ABR54530-IV-3-P1 
REMOVING AND INSTALLING HEAT EXCHANGERS 

OBJECTIVE 

To be able to* 

• Remove a heat exchanger. 

• Inspect a heat exchanger. 

• Install a heat exchanger. 
PROCEDURE 

The following is for discussion purposes only, 

OPERATION 

REMOVAL PROCEDURE 

1. Set the motor starter H. O. A. switch to the HAND position. 

NOTE: When performing maintenance in the field on equipment using a low-pressure 
motor control, it may be necessary to set the cut-out point to 1 p. s.i. or 
Jump the contacts. 

2. Close Idng valve and pump down system. 

3. Front seat the suction service valve. Why is this step necessary? 



4. Disconnect liquid line at the inlet and outlet at the heat exchanger. 

CAUTION: Use an open end wrench to hold the heat exchanger when loosening and 
tightening the flare nuts. 

5. Disconnect the suction line at the inlet and outlet of the heat exchar^r. 

6. Remove the heat exchanger hold-down clamps. 

7. Remove the heat exchanger. 

INSPECTION PROCEDURE 

1. Visually Inspect the heat exchanger for damage, cleanliness, and restrictions. 

2. Clean 11 necessary, using an Air Force-approved solvent. 

19 
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Were there any discrepancies noted 
Why? 



INSTALLATION PROCEDURE 

Use the hold-down clamps and fasten the heat exchanger to the trainer. 

NOTE: Heat exchangers are normally installed inside the refrigerated space and 
as near the evaporator as possible. 

Why'? 



Connect the liquid line to the inlet and outlet of the heat exchanger. 
CAUTION: Be sure the direction of flow is correct. 

NOTE: The hot liquid should normally flow in the outside chamber, figure 7 , of 
the heat exchanger. 

Why'? 
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/"T — HOT LIQUID 
J INLEt 



SUCTlOi VAPOR ^ ^ ^ ^ ^"^^OUTLET^^" 



MOT LIQUID 
OUTLET 

Figure 7. Counterllow in a Shell arxi Tube Heat Exchanger 

3. Connect the suction lines to the inlet and outlet of the heat exchanger. 

NOTE: The liquid and vapor must have a counterflow action (figure 7 ) through the 
heat exchanger. 

Why? 



4. Open the receiver king valve and release a small amount of refrigerant. 



5. Check for leaki and repair if necesaary. 

6. Aa aoon aa leaka are repaired, open the king valve and allow pressure to build up. 

7. Loosen the flare nut at the suction service valve and purge lines, 

8. Open suction service valve to gauge position, 

9. Place the motor starter H, O, A. switch in AUTO position. 

NOTE: For field maintenance, reset the cut-out on the low-pressure motor 
control, or renoove Jumper wires, 

10, Check for proper system operation. 

11, Charge system if necessary. 

12, What is the purpose of the heat exchanger? 



13, Explain "flash gaa. 



14, Why is some "flaah gaa'* necessary? 



15, Have the instructor check your work. 

Checked by 



Instructor 
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WB 3ABR54530-IV-3-P2 
REMOVING AND INSTALLING AN OIL SEPARATOR 

OBJECTIVE 

To be able to: 

• Charge an oil separator. 

• Install an oil separator. 

• Check an oil separator for proper operation. 

• Remove an oil separator. 
PROCEDURE 

The following is for discussion purposes only. 
OPERATION 

CHARGING PROCEDURE 

1. Using the manifold gauge assembly, connect a refrigerant drum to the 1/4" male 
flare fitting on the oil separator oil return port. 

2. Charge oil return port to approximately 5-10 p.s.i. 

3. Charge oil separator through inlet port with correct refrigerant oil. 

4. Stop adding oil as soon as refrigerant pressure is relieved, 
a. What does the pressure release indicate? 



b. Why does the pressure release occur '> 



c. Why must an oil separator be charged prior to installation'? 



5. Disconnect manifold gauge assembly from oil separator. 

211 
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INSTALLATION PROCEDURE 
1. Operate the unit and pump system down 1-5 p. s. 1. 

NOTE: If system is controlled by a low-pressure motor control, set cut-out 1-5 
p.s.i. 

a. What is the position of the suction service valve during the pump-down proce- 
dure? 



b. Why? 



CAUTION: Unit should be shut down now. 
2. After pump-down procedure is completed, close condenser inlet valve. Why is 



this step necessary? 



3. Front seat the discharge service valve. Why is this step necessary? 



"102- 



4. Fabricate and insUll a line between the inlet port on the oil separator and the dis- 
charge service valve. 

5. Fabricate and insUll a line between the inlet port on the oil separator and the con- 
denser. 

6. Fabricate and install an oil return line between the oil outlet port and the compres- 
sor oil return port. 



7. Open the condenser inlet valve momentarily. 

8. Check for and repair all leaks. 

9. Purge the oil separator and the newly installed lines. 
10. Explain the best method of completing Step 8. 
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OPERATION 

1. Open the condenser inlet valve. 

2. If a low-pressure motor control is used, reset cut-out point. 

3. Place compressor service valves in gage position. 

4. Put system In normal operation. 

REMOVAL PROCEDURES 

1. Pump down the low side of the compressor. Is it necessary to pump down the com- 
plete low side of system to accomplish step 1 ? 

2. Stop the unit. 

3. Close the condenser inlet valve. 

4. Front seat the discharge service valve. 

5. Remove the line from the discharge service valve to the separator inlet port. 

6. Remove and destroy all the other lines that were Installed. 
CAUTION: Replace the crankcase oil plug immediately. 

7. Cap all ports on the oil separator 

8. Fabricate and install a discharge line betw^^en the discharge service valve and the 
condenser inlet valve. 

9. Open the condenser inlet v'alve momentarily. 

10. Check for leaks. 

11. Repair leaks. 

12. Purge. 

13. Place compressor service valves in gage position. 

14. Open the condenser inlet valve. What would happen if the compressor is operated 
with the condenser inlet valve closed? 
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15. Place the unit In noi mal operation. 

16. Operate the unit and observe for possible malfunction. 

17. Have the instructor check your work. 

Checked by 

Instructor 

CONNECTING A SYSTEM 

1. Study the arrangement of the components in figure 8 , 

2. Place the name of each item in the space provided. 

3. Draw all necessary Lines to complete a simple refrigeration system. 

4. Using colored pencils, color code the system using the standard color coding that 
applies to refrigeration. 

5. Have the instructor check your work. 

Checked by 

Instructor 
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TO COMPRESSOR 
CRANKCASC 




Figure 8. System Components 
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V/B 3ABR54530-rV-3-P3 
REMOVAL AND INSTALLATION OF DRIERS 

OBJECTIVE 

To be able to: 

• Remove a drier. 

• Install a drier. 
PROCEDURE 

A^'o^fii!!' PreoperaUonal and operational safety checks Usted in 
WB 3ABR54530-IV-1-P1 prior to operation of the trainer and observe the Usted 
procedures closely during all operaUons. If drier does not require replacement 
omit steps 4 and 5 under removal procedures. 

REMOVAL PROCEDURE 

1. Install the manifold gage assembly. 

2. Pump down the system. 

NOTE: If the unit Is controlled by a low-pressure motor control, adjust the cut-out 
at I p. s. 1. 

3. Stop the unit. 

4. Remove the drier from the liquid line. 

5. Plug the lines that are op«n. 
INSTALLATION 

1. Connect the drier In the liquid line. 

2. Charge for leak test. 

3. Test for leaks. Repair If necessary. 

4. Purge the part of the system that has been exposed to the atmosphere. 

5. What type drier Is used in this system? 

6. What type desiccant is used? 

7. What is the purpose of a drier In the system ? 



8. Operate the syst- .n and check for proper operation. 

27 
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9. Have the instructor check your work. 

Checked by ^ 

Instructor 

POSTOPERATTONAL SHUTDOWN 

1. Place all switches in the OFF position. 

2. Unplug the trainer electrical cable from the wall outlet. 

3. Roll up electrical cable and place it in the trainer cabinet. 

4. Backseat service valves. 

5. Remove manifold gauge assembly. 

6. Clean trainer by removing tools and material and wiping down trainer and floor area 
around trainer. 

7. Leave trainer evaporator door open. 
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WB 3ABR54530-rV-3-P4 



USING TROUBLE ANALYSIS CHARTS 

OBJECTIVE 

To be able to uae the trouble analysia chart and locate troubles on different systems. 

NOTE: Study the foUowing charts. With the use of the Trouble Analysis Charts in 
SG 3ABR54530-IV-4 , fill In the information In the blank columns. 

PROCEDURE 

Accomplish aU preoperational and operational safety checks listed In WB 3ABR54530- 
rV-l-Pl prior to operation of the trainer, and observe the listed procedures closelv 
during all operations. ' 

COMPLAINT- Unit will not operate- 

TYPE OF SYSTEM: Any with pressure motor control 



Observatlona 



Trouble 



Remedy 



Suction pressure: Below 
normal cut -in point 

Head pressxire: Below 
nor Dial 
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COMPLAINT: Unit too noisy TYPE OF SYSTEM: Any 



Observations 


Trouble 


Remedy 


Compressor Is noisy 

1 







Checked by 

Checked 
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WB 3ABR54530-rV-3-P5 
LOCATING AND REMOVING RESTRICTIONS 

OBJECTIVE 

To be able to locate, identify, and remove restrictlona in refrijeratlon systems. 

1. Operate the system. 

2. Record the pressures: 

Low side 

High side 

3. Run yorx hand over the entire length of the liquid line. 

4. A restriction Is indicated by 

5. Tape a thermometer to the Uquid line on each side of the restrlcticm and record the 
temperatures: 

Inlet side 

0\:tlet side 

6. Pump down the unit. 

7. Remove the restriction. 

8. Clean the screen or fabricate and install a r»w line as required. 

9. Place the trainer back in operation. 

10. Have the instructor check your work. 

Checked by 

Instructor 

11. Repeat this project as often as time permits. 
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WB 3ABR54530-IV-3-P6 
TROUBLE ANALYSIS PROCEDURES 

OBJECTIVE 

To be able to: 

• Deteruiine motor control trouble. 

• Locate motor control trouble. 

• Eliminate motor control trouble. 

• Analyze refrigerant control troubles. 

SECTION I 
MOTOR CONTROL TROUBLES 

COMPLAINT 

Motor will not function. 

NOTE: In locating the cause of this complaint, the serviceman should determine 
first whether electrical or mechanical failure has stopped the machine. 

OBSERVATION 

1. Motor and compressor are free to rotate. 

2. Source of power and fuse are satisfactory. 

3. Thermal protector switch set. 
CHECKING PROCEDURE 

1. Install manifold ga^ assembly. 

2. Check the high side pressure. 

Why Is this necessary ? 

3. Break the circ\iit at the fuse box. 

4. Install a Jumper wire around the motor control. 

NOTE: This wire must be insulated and large enough to carry the required 
electrical loadL 

5. Momentarily complete the electrical circuit to the motor (no more than 5 seconds). 
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If the motor runs, the trouble is 



8. Check out the motor control and replace If necessary. 

7. If replacement is required, adjustments must be made as directed by the Instructor. 

8. After the trouble is repaired, operate the system. 

9. Observe the unit for correct operation. 

SECTION n 
BOX TOO COLD 

COMPLAINT 

Milk, eggs, and vegetables are freezing during short term storage. 
OBSERVATION 

1. Condensing unit has a long "running" time and short "off" time. 

2. Motor control range adjustment set at the warmest position. 
CHECKING PROCEDURE 

1. Inspect the motor control power element. 

^DTE: On domestic refrigerators, the power element bulb must make complete 
contact with the evaporator. 

2. Install the manifold gage assembly. 

3. Operate the system. 

4. Observe the low and high side pressures. 

Are these pressures normal? Low side High side 

5. Check the low side pressure at '^cut-oiA*' and "cut4n" points. 

Are these pressures normal? Xut-0\1" **Cut-In" 



8. Check the box temperatures at "cut-4n" and '*cut-o\±." 

7. Readjust the control as necessary. 

8. Check the system for correct operation. 

9. What is the abnormal function if the motor control power element leaks? 
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SECTION m 
REFRIGERANT CONTROL TROUBLES 

1. Install the tnanliold gage a3Sembly, 

2. Operate the unit. 

3. Observe the low and high pressure. 

4. Record the high side pressure, 

5. Record the low side pressure. 

6. Axe these pressures normal? High side Low side 

7. Ot)serve the evaporator. 

8. Record the operating conditions oi the evaporator. 



9, What type of motor control is being used? 

10. Could the motor control cause this malfunction ? 

11. Observe the sight glass, 

12. List two things that might cause bubbles in the sight glass, 

a. 

b. 



13. Observe the refrigerant control. 

14. Record the operating conditions of the refrigerant control. 



15. A "hissing" sound at the refrigerant control is an indication ot 
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18. What is the mall unction In this system? 



17. List several other refrigerant control troubles. 

a. 

b. 

c. ^ 

d. 

18. Repair the malfunction. 

19. Return the system to normal operation. 

20. Ask the Instructor to check your work. 



Checked by 

Instructor 

USING THE TROUBLE ANALYSIS CHART 



OBSERVATIONS 


TROUBLE 


REMEDY 


1. 


1. 


1. 


2. 


2. 


2. 
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OBSERVATIONS 


TROUBLE 


REMEDY 


3. 


3. 


3. 


4. 


4. 


4. 


5. 


5. 


5. 



Have the instructor check your work. 

Checked by:^ 

Instructor 

POSTOPERATIONAL SHUTDOWN 

1. Place all switches in the OFF position. 

2. Unplug the trainer electrical cable trom the wall outlet. 

3. Roll up electrical cable and place it in the trainer cabinet. 

4. Backs eat service valves, 

5. Remove manifold gauge assembly. 

6. Clean trainer by removing tools and material and wiping down trainer and floor 
area around trainer. 

7. Leave trainer evaporator door open. 2 7 5 
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|l . Domestic Units 
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(1) Major components of a domestic refrigerator 
IrefrigeiSor^''"'*"^" constn^ction features of a domestic 

(3) Types of domestic refrigerators 

(4) Purpose of a domestic refrigerator 

(1) Common malfunctions of the electric detroet system 

(2) Requir«i maintenance tor olectrlc defrost system 

|c.plliary'tS5,'„1:^';K?^^^^ L""""' "Pl^ce and leak check a 

K^-"^ r^S^men^r^llwa^'r?^^ """^vlng 
|Mewi: W, p^^"'^!"^ IMiL lib^, 15b(4). 17c(l), 17c(3) 

(1) Proper tools tor removing and repUdng a capillary tube 
I.eakche'ii^TctilLTtllb?'"''"*'"^' -d 
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:3ays 36 
thru 41 



I (9/3) 
Days 36 
and 37 



(3/1) 
Day 37 



(3/1) 
Day 38 
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16 January 1976 



45 



ERIC 



9 Op 



'\ v.i :f . .i ^TJCTICN/LSSMN PLAM PART I {(UmHmmimm SW) 



CCURSC CONTIHT 



V.^.n^ .^..s pror.vied, check, evacuate and charge 
.o.neb'-'iO v^, :\z^cz::on trains.^ to the specifications outlined 
. :ne '\\:r STi 14f, l^. 14k, 17c(2) Meas: W, PC 

-u^.d iv'ze of access valves 



(9/3) 
Days 38 
and 39 



c.iT3ctors 



: ":^:i.a::n5 the reirig^raticn system 

V;rig:\rid method of charging a domestic 



. ^r^i .jr oirsc: charging a domestic refrigerator 

j:i...r,eDZS and schematics of current, time 
. fca/c ■ eljvs, correctly check the flow of current 
la conipiiC3 encnes in workbook. STS: 10e(6), 

^2' Msas: PC 



r :i ;\r-^-j-^.: relays 

y \ l::.i3 l^lay relays 

■.^ 7*'^:i3 ' ciential relays 

;4i Start capacitors 

' '1' Run capacitors 

'. Limz rr.ultinierer, determine the run, start and common 
• •.armimis o; a liarmetic comDressor, observing the workbook 
; require ments. STS: 10f(4) / lQg(l ), 10g(2), 21b (3) . Meas: W, PC 

i 

' ill Terminal arrangement and identification 

i 

; Thermal overloads 

! z. Usin? xn amprobe. push button start cord and jumper wire, 
Icheck a hermetic compressor for proper operation in accordance 
-vith the specifications outlined m workbook. STS: lOg(l), 10g(2), 
^^IbiG) Meas: W, PC 
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COUISf CONTINT 

(1) Operation of the puah button teat cord 

(2) Operation of the jumper cord 

(3) Use of the amprobe 

h. Using the motor start analyzer, check the hermetic (2.5/1) 
compressor for internal grounds and opens, following Day 41 

procedures in the workbook. STS: 10f(5) . 13a(3), 13a(5) 
17c(l) Meas: W, PC 

(1) Operation and uses of the motor start analyzer 



SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
SG3ABR54530-V-1, Domestic Units 

WB 3ABR54530-V-1-P1, Familiarization and Operation of Domestic Refrigerators 

WB 3ABR54530-V-1-P2, Troubleshooting Electric Defrost 

WB 3ABR54530-V-1-P3, Install a Capillary Tube 

WB 3ABR54530-V-1-P4, Charging a Hermetic Unit 

WB 3ABR54530-V-1-P5, Wiring Starting Relay Circuit 

WB 3ABR54530-V-1-P6, Determining Terminal Arrangement 

WB 3ABR54530-V-1-P7, Troubleshooting Hermetic Units 

WB 3ABR54530-V-1-P8, Using Motor Start Analyzer 

Audio Visual Aids 

Charts, Set, Domestic Units 

Transparencies, Set, Domestic Refrigeration 

Training Film: TF 6038a, Compressors, Hermetic and Semihermetic- 
Electrical 

Training Film: TF 6038b, Compressors, Hermetic and Semihermetic - Starting 
Relay Circuits 
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COURSC CONTCNT 

"^raini ng Equipm ent 

Trainer7~Currenc ?v8iay (12^ 

Trainer, Potential Relay (12) 

Trainer^ Refrigeration Conipressor (12) 

Trainer, Hermetic Seal Refrigeration Compressor (12) 

Trainer, Terminal Identification (2) 

Multimeter (2) 

MuUimecer, Amurc'^e/VoUmeter (3) 

Special Squipme-^.: Electronic Leak Detector (4), Charging Station (2), 
Motor Stiirt Analyzer (2), Soldering Equipment (6\ Pushbutton Test 
:':rd - , >:3rmetic Compressors (2), and Domestic Refrigerator (2) 

Training? Methods 

u. . — 

D'.scussion/Demonstration (18.75 hrs) 
T/aming F\:m (0.73 hr) 
Pertormance vl6 50 hrs) 
CTT Assisnment ilO hrs) 

:/IuUi -:i3 Instructor R e quirements 
oTTTTv, Supervision (2l 

I nstriictional Gj, dance 

Frrolam how eleotrical hazards may be overcome if proper safety procedures i 
are practiced on equipment. Have the students work in teams fhiddy system) 
on energized circuits. Outside Assignment: Day 36, direct students to 
review \VB3 V-l-Pl and P2; Day 37, P3 and P4; Day 38, P5; Day 39, P6; 

Day 41, P7 and P8 

MIR Two instructors are required for 14 hours during student performance 
(3. 25 hours in Day 38, 5 hours in Day 39, 3 hours in Day 40, and 2.75 
hours in Day 41). 
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Domestic and Commercial Refri geration 
couRSi c6htent 



2. Commercial Units 



a. Using electrical diagram and test equipment provided by 
instructor, operate and troubleshoot a walk-in refrigerator and 
automatic defrost system to determine the opsrating condition. 
STS: 10e(2)(d), 10€(6), lOg(l) . 10g(2), 17a(8) . 17a(9), 17d, 
21f. Meas: W, PC — 

(1) Types of walk-ins 

(2) Major components 

(3) Insulation materials 

(4) Different types of defrost systems 

(5) Different types of defrost timers 

(8) Typical wiring diagram of a walk- in freezer with 
electrical defrost 

(7) Troubleshooting a walk-in box 

b. Using tools provided operate and adjust a water cooler 
trainer to maintain water at 50 to 55° F. STS: 14f 17a(2) 17c(4) 
Meas: W, PC ' 

(1) Types and kinds of units 

(2) Major components 

(3) Construction features 

(4) Common troubles 
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COUKSE CONTENT 



c Using the following trainers: reach- in box, display 
case and ice cream cabinet complete the workbook project 
by correctly identifying major components and tracing 
refrigerant and air flow of each unit.STS: 14f, 17a(4) . 
17a(5), 17a(6 ) Meas: W, PC 

(1) Types of units 

(2) M.ajor components 

(2) Constraction features 

d Using workbook, list the correct installation, pre- 
operational, adjustment and maintenance procedures for 
commercial refrigeration units. STS: 14d, 14f 17b, 
nc(l) . 17c(4j, 17c(5) , 21a. Meas: W, PC 

(1) Installation procedures 

r2) Preoperational checks 

(3) Operational checks 

(4) Adjusting controls 

(5) Using blueprints and drawing 

e. Using the ice maker trainer, complete the workbook 
project by correctly identifying components, principles of 
operation and required maintenance. STS: 14f, 17a(7) 
Meas: W, PC 

(1) Types of ice makers 

(2) Construction features 

(3) Major components 

(4) Cleaning procedures 

1 
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Day 43 
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Day 44 
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COUKSf COMTINT 



SUPPORT MATERIALS AND GUTOANCE 



Student iMtructloiial Materiala 

SG 3ABRM530-V-2, Commercial Units 

WB 3ABR54530-V-2-P1, Maintenance and Troubleshooting Walk-In Boxes 

WB 3ABR54530-V-2-P2, Walk-In Freezer Electrical System 

WB 3ABR54530-V-2-P3, Water Cooler Maintenance 

WB 3ABR54530-V-2-P4, Repair and Maintenance of Reach-In Boxes, 

Display Cases and Ice Cream Cabinets 
WB 3ABR54530-V-2-P5, Installation of Commercial Units 
WB 3ABR54530-V-2-P6, Adjusting Motor Controls on Commercial 

Refrigeration Units 
WB 3ABR54530-V-2-P7, Familiarization and Operation of Ice Makers 

Audio Visual Aids 

Charts, S«t, Commercial Units 

Transparencies, Set, Commercial Refrigeration 

Training Equipment 

Trainer, Walk-In Refrigerator (6) 

Trainer, Cutaway Water Cooler (12) 

Trainer, Water Cooler (4) 

Trainer, Display Case (12) 

Trainer, Reach-In Refrigerator (12) 

Trainer, Ice Cream Cabinet (12) 

Trainer, Ice Maker (12) 

Trainer, Water Dispenser (12) 



Training Methods 

Dlscussioo/Demonstrati'-^ (11 hrs) 
Performance (11 hrs) 
CTT Assignment (8 hrs) 

Multiple Instructor Requirement 
Safety, Equipment, Supervision (2) 



Instructional Guidance 

Electrical safety should be emphasized for energized circuits. 

Outside Assignment: Day 42, direct students to review V-2-Pl and P2; 

Day 43, P3 and P4; Day 44, P5 and P6; Day 45, P7. 

MIR: Two Instructors are required for 3 hours during student performance 
in Day 42. 



4, Related Training (identified in course chart) 



(2) 



or iMrrmiCTiOM mo, 



3ABR54530 



OAT I 

16 January 1976 



51 



ERIC 



romi 



ISA 



23 



9 



PLAN CF INSTKUCTIONAISSOH PLAN PAIT I (C*iMiiw«HM Sm**) 



COURJE COHTIMT 



4. Measurement Test and Test Critique 
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DOMESTIC UNITS 

OBJECTIVE 

To help you to learn the various types, purpose, and construction features of 
hermetically seaiea refrigeration systems, and to: 

* Identify the major components of hermetically sealed units 

* Install, operate, check, and service hermetic units 

* Install a capillary tube refrigerant control 

* Use special tools and equipment to charge a hermetically sealed unit that 
has a capillary tube refrigerant control 

* Wire and troubleshoot starting relays and relay circuits 

* Determine the correct terminals on a hermetic compressor 

* Use the motor-start analyzer to check, troubleshoot, and start hermetic 
compressors 

INTRODUCTION 

The definition given in the dictionary for the word hermetic is "to be made airtight 
so that no gas can enter or escape." 

The Air-Conditioning and Refrigerating Data Book's definition of a hermetically 
sealed unit is, "A sealed (hermetic type) condensing unit is a mechanical condensing 
unit in which the compressor and compressor motor are enclosed in the same housing 
with no external shaft or shaft seal, the compressor motor operatixig in the refriger- 
ant atmosphere. 

''The compressor and compressor motor housing may be of either the fully- 
welded or brazed type, or of the serviced-sealed type. In the fully-welded or brazed 
type, the housing is permanently sealed and is not provided with means of access for 
servicing internal parts in the field. In the service-sealed type, the housing is pro- 
vided with some means of access for servicing internal parts in the field. " 

Generally speaking, hermetic units include refrigeration systems that use a her- 
metic compressor and a capillary tube refrigerant control. 

Due to the ease of manufacture, simplicity, economical cost, and relatively 
troublefree operation, a large number of refrigeration systems are being built as 
hermetically sealed units. These include domestic refrigerators (household boxes), 
cold storage boxes (freezers), water coolers, window air conditioners, ice cream 
cabinets, and beverage coolers. 

this supersedes SG 3ABR54530-V- 1 and WB 3ABR54530-V-1-P1 thru P8, 1 Oct 1973 
Copies of the superseded publication may be used until the supply is exhausted. 
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ator^rwil7h^' T ""^^ °' household refriger- 

ator, « will be used m the utstruction of hermetically sealed refrigeration units 

DOMESTIC REFRIGERATORS 

...o.i^''^-!!'""' refrigerator" includes all types of refrigerated boxes nor 

Srif - - ---- r--Ti:r.- 

ment^°'a fZ^?'"" refrigerators have at least three different temperature compart- 
med^m Jrr^ compartment for freezing ice cubes and storing7rozen food? a 
medium temperature area for foods and beverages and a hieh temoeraturp hic^h 
humidity compartment for fresh vegetables and f,^ ts Jhefmay h^ve^.h IT.. 
':Z\oo:. cor.e?s^airsto"rt"sS:?;es 

Construction Features 

and c^ver'li^' w,?k''^ f ""'""^'^ ""^^ °^ '"^"^^ P'«"« °f sheet metal welded together 

insul^t^.^™.!!^^ "^A^ substance that will retard the flow of heat may be used for 
domlst^c'lScer r'ib. .r''' 77""^' ^^ve been used for insulation in 

refXiat^s ^^^^'^ in domestic 

frnm^ m''^^*!; °^ """^^ ^^^^^^^ "^ed insuUting materials. It is made 

When u^°"u, ''"f f""'^ ^'^P*"'^ refrigerant «r carbon dLTde 

refrigerators, it is made in the form of mats and is approxi- 

shirt L^^b^ir''? .5 ^° ^i^^?''^. wear a lo^'sleeved 

rnu^:^^^;^s;^i°duio:I^ ^^^^^^ °^ ^'^^ ^-^^^^^^ ^ 

from'^pTaTtk J.a'ha« hJT^f ' h'''^^'''' " ^ manufactured 

from plastic tha. has been foamed or expanded by the use of refrigerant carbon dioxide 
or some other highly volatile agent. Foamed plastic is more expensive" tS^^Fib^"^^ 

Si^lha^s* ^^l!f^ ' f^^^^J ""^y ^ manufactured m various forms 

^etoT^^^ ^r-:L^d" ^r;. ^ ^"'"^^^ --'^'-^ -'"-^ - -ed in 
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Figure 1, Domestic Pefrigerator 



VAPOR BARRIER Condensation of moisture will occur on any surface that is at 
a temperature below the dewpoint of the surrounding air. Therefore, we must keep 
moisture out of the insulated space between the inner and cwjter shell This is partic- 
ularly important around the freezing section. Several substances are used for this 
purpose, but the most important one in domestic boxes is plastic. The plastic is 
placed in such a way as to stop the water vapor in the air from getting to the cold sur- 
face. The suction line is often insulated with a rubber-like substance known as insula- 
tion tape. The holes where the refrigerant or electrical lines go through the box 
axe usually stuffed full of a soft putty-like substance known as permagum cords. An 
odorless tar is often spread over an area or surface to prevent vapor transmission. 
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DOOR. The modern refrigerator may have either one or two doors. These doors 
are designed to cover the entire front of the refrigerator. The mside of the door may 
be recessed for small shelves or a butter conditioner. The inside panel is madr of 
p aatic. Since the panel is light it aids in reducing the toUl weight of the door The 
plastic panel is designed to aid in keeping the door from warping 

o breaker strips, see figure 2, are pieces that cover the 

space between the inner and outer shells. Each manufacturer installs the breaker 
s^^rips in a different manner. Some use screws, some use clamps, while others snap 



Breaker strips are made of plastic. 
When the strips are cold, they become 
brittle and will break verv easily. Before 
attempting to remove a cold breaker strip, 
run a towel dipped in warm water over it. 
Before installing a cold h:eaker strip, dip 
It in warn; (not hot) waler This will make 
It soft and pliable and will reduce the pos- 
sibility of breakage 

MULLKDN HEATER rhe muUion 
heater is a strand of high resistance wire 
atUched to a strip of aluminum foil. The 
mulhon heater is insUUed around the 
doors under the breaker strips, when the 
box Ls plugged in, electricity is applied to 
the -nuUion heater which gets warm and 
adds enough heat to the area around the 
door to reduce sweating or freezing. A 
mullion heater is particularly important 
around the door of the freezer. If the 
mullion heater fails, moisture will con- 
dense arcxjnd the door and the door will 
freeze shut. 

Major Components 

Domestic refrigerators use the same 
basic components as any other refrigera* 
tion system: a compressor, condenser, 
refrigerant control, and evaporator How- 
ever, each of these units are designed for 
a particular application and temperature 
range. 

COMPRESSOR. Modern domestic 
refrigerators use a hermetic compressor 
These compressors have some outstanding 
advantages over open type units. In all 
instances the compressor-motor assembly 
IS much lighter and somewhat stronger as 



Figure 2. 



BREAKER 
STRIP ^ 
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a unit. Strong foundations for nriountijig the heavy open type compressors are com- 
pletely eliminated. The faster operating speeds physically reduce the size of the her- 
metic compressors. The motor and compressor are connected to the same shaft and 
are positioned as close together as possible. This feature eliminates the bulkiness of 
the open style system where the motor and compressor were set apart and driven by 
V-beltfl. 

The most important advantage of the hermetic unit is that the ever troublesome 
shaft seal is completely eliminated. The elimination of the shaft seal was the prime 
reason for the development of the hermetic type compressor. 

The hermetic design allows the motor and compressor to be enclosed in a housing 
that is airtight. Moisture, dust, grease, and all foreign particles are sealed out which 
allows the assembly to operate free of these disturbing elements. As a result the unit 
functions at full rated capacity for a longer period of time. 

Herm^cic type compressors operate more quietly than the open style. Any sound 
originating in the compressor or motor must first pass through the refrigerant vapor 
within the housing. It must then be transmitted through the steel casing before it can 
reach the outer area. As a result, the noise is greatly reduced. Vibrations are 
almost eliminated due to the rapid cycling of the high-speed unit which tends to smooth 
out larger pulsations. Fhe complete assembly is usually mounted on springs or rubber 
shock absorbers that dampens out any vibrations that might originate from the assembly. 

As a unit, all of the advantages previously discussed indirectly result in an effi- 
ciency that places the hermetic unit superior to other types. 

Hermetic units have two main disadvantages. They are not easily serviceable in 
the field and in case of motor burnout the complete system becomes contaminated. 

TYPES AND CLASSIFICATION OF HERMETIC COMPRESSORS 

The types of hermetic compressors are The reciprocating and the rotary. The 
reciprocating compressor is the most popular compressor for all sizes of hermetic 
systems. It has more parts therefore costs more to manufacture than the rotary. 
However, since it is so effective and efficient under large loads, it is used more often 
than the rotary. The rotary is used in hermetically sealed fractional hp systems only. 
Hermetic compressors are normally classified under one of the following headings* 

• Accessible (semihermetic). These compressors are normally fitted with ser- 
vice valves. They can be serviced in the field to the extent of replacing the valves, 
valve plates, pistons, rods, and rewinding the motor. 

• Sealed (mternally shock mounted). Internally shock mounted compressors 
need very little external shock mounting. A small rubber grommet around the mount- 
ing bolt IS necessary. 

• Sealed (external shock mounted). The compressors must be spring supported 
or mounted on large mounting pads. 

23<) 
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Design Characteristics 



Reciprocating hermetic compressors have five major design characteristics 
These Characteristics and some needed information concerninfthem areTJeS^low. 

SHAFT MOUNTING. Tl.e crankshaft is mounted either vertically or horizontally. 
VO.^«r^I J^r^seTon^- rw\^:;T?rart-^^ 

rouor^jr.- .x^:^f-^ or^" c:s fer-t:r '^^--^ - - 

sors to ^0^"/ 'lm!e'''"'"' '''V °^ ^'^^^^ ^ causing thLe cCres" 

encLra^eT^;^,! fro h, T """^^ ^^P^^" splashing at high speed 

Uiat^iJ^t^P n ,r f^mpu^g. The flooded system includes all types of devices 

fte arei ^h? ^^^^^^^ 'J '^i^-^ down) over the bearings. p'J^. and ^r 

mg crmores^ors ^'"P"'^' "^'^ 'y''"'" ^ "^^d in air-condition- 

paisag« trthe bear^L " ^^'^ ^ ^rUled 

ooeraLn T^,.r ^ bearings can be closely fitted resulting m verv quiet 

operation. TTus type system is used on large high-speed compressors. ' 

will Tr'^ce ^ '''''''' power it 

are designed so that only refrigerant vapor can enter the suction mtake du7to he act 

Se oU ' H ,1^^ r'^" ^^'^^^ °^ the windings where a 1 

the ou and liquid refrigerant wUl be vaporized. This design is commonly referred to 

^d^nTT^^"^ ^ '° ^^^-^'^^ compressors by lo" natula^^ 

^il Z Some compressors have external fins that aid m heat ^ra^sfer 

S'eTomp';::;or.^^'^^""°" '^'^ ' "^^^^'^ — ^ "u"^^^ 

shellTstts^^^^i'n.J^'H^/^^"" P'"*^'' '""^^^'^ compressors in a variety of 
nrpl,o^^T H "^•<^hanics in the field often apply common names to these com- 

may no be fa^^^^^^^^ f "^'^ ''^^ °^ --s onl^^d 

sor is t^e ollv Ih^l h "^'T'^. geographic areas The pancake compres- 

se^^ce^rSinneT ""''P'^ industry-wide by both manufacturers L 



Condensers 



th. fln^ condensers in domestic refrigerators are usually made of steel and are of 

a : re frlme ""ZTT^.T' convection), coiled ^bing w th 

a wire frame, and coiled tubing mounted on the inside of the refrigerator shell In 
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the last few years, several manufacturers have built the condenser as an integral part 
of the outside wail. From a visual standpoint, it appears that the unit does not have a 
condenser. However, let the unit operate for about 30 mu-^'tes and then run your hand 
over the outside of the box. The hot area will indicate the exact location of the con- 
denser. When these units first came out, it was quite difficult to convince some of 
the users that the outside of their refrigerator was supposed to get hot. 

on. COOLER CIRCUIT 

Some compressors used on domestic refrigerators require oil cooling. This is 
usually accomplished by passing the discharge gas through an oil cooler circuit, desu- 
perheatin^ it, and then returning it to the compressor where it picks up heat from the 
oil before going to the condenser. 

The schematic m figure 3 illustrates the hot gas flow through the oil cooler circuit. 




Figure 3. Oil Cooler Circuit 

Refrigerant Control 

All modern domestic refrigerators use a capillary tube refrigerant control. This 
type of control is simple, economical, and allows the use of a low starting torque motor. 
One end of the capillary tube is attached to the bottom of the condenser. You may find 
a strainer installed between the condenser and capillary tube. The capillary tube is 
soldered to the suction line to act as a heat exchanger and give the capillary tube added 
strength and terminates in an expansion chamber at the top of the evaporator. 
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PRINCIPLE OF OPERATION OF CAPILLARY TUBE. Liquid refrigerant with a 
pressure of 120 to 140 psi and a temperature of 90 to 120°F enters the capillary tube. 
(Pressures and temperatures are approximations.) As the liquid travels through the 
capillary tube, its pressure is reduced by the resistance of the tubing. At the same 
time, its temperature is bemg reduced by the cold suction Ime. These two forces 
contmue to act on the liquid refrigerant as it proceeds through the capillary tube. 
However, the pressure is reduced (comparatively) faster than the temperature. At 
some point (usually within the last 1/3 of the tube) the pressure of the liquid refrigerant 
is reduced below its boiling point. Some of the liquid refrigerant '^flashes" or boils. 
The vapor occupies more space than the liquid so the resistance to flow is mcreased. 
The temperature of the refrigerant is decreased by both the flashing of the liquid and 
by the action of the cold suction line. The pouit where the flashing first occurs to the 
end of the capUlary tube is known as a "vapor lock or bubble point. " 

All capillary tubes have a vapor lock. The length of the vapor lock depends on a 
combination of the following factors: 

* Condensing temperature. 

* Condensing pressure. 

* Amount of subcooling of the liquid in the condenser. 

• Temperature of the suction line. 

• Pressure difference between the low and high side. 

• The length and diameter of the capillary tube. 
Thermostat 

The thermostat used on normal refrigerators is a factory adjusted item with a set 
differential of approximately 13 degrees and an adjustable range. At the highest settmg, 
the evaporator temperature may be 10°F and at the lowest setting -20°F 

The thermosut is usually mstalled in a location convenient to the user with the 
thermal bulb clamped to the evaporator. 

Evaporators that defrost each "off cycle" require a special thermostat. This 
thermostat has a Ixiilt-m lockout feature that keeps the compressor off unitl the evap- 
orator warms up to 37 F This guarantees that the evaporator completely defrosts each 
"off cycle. " When usmt this type thermostat, you adjust the cutout only. The cut-in 
remams constant at 37 F. 

NOTE: Do not attempt to repair thermostat on domestic boxes. If they are mal- 
functioning in any way, replace the complete unit. 

POSSIBLE TROUBLES. Thermostats are subject to three malfunctions Pomts 
that will not close, pomts that will not open, and erratic operation. 
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\ H, Z"^^ ^^'■y '° diagnose and find. The symotoms 

that mdicate this malfunction are, box temperature i^h, and the unit wiU noTJun 

onta.^^ ?.^\"^uTperi!^f."a:;os?l" ^r Tr^'T ^^^^ ^ ^^t to^'.^Lais 
- ... j"i"pvr wire across the terminals and plug in the box If thP hnx 

? wXive the sZe ^ ^ ^ "'""^ ""^^ atuched'securely to t^e eS^oratr. 

It will give the same symptoms as a malfunctioning thermostat. r or. 

ferent thl's'c^ IZ'.T" '° '"^""'^ ^ great number of dif- 

,fIrMno^ f ^ operation; intermittent low power, faulty overload or 

fhTi^^H "'^'•"^"^"t °P«" ^ electrical wiring, or a bad thermos^a° -^he onW 
SJe^mosir '° ""^^^^^ ^ y- '° trou'tie,' c'J'^^g^te 

r.rr.^J^u^f^^^'^ PROCEDURES. To remove a thermosUt, unplug the box and 
rhrT\ "^^"^ adjustment knob removed, you wUl see t^o or 

SionTth^ilirs- ""rr "^^^^ ^^'^^ therLstat, no in^ the 

n^wunut T^l vl '° mounting. will aid you in installmg the 

new unit. ) It may be necessary to turn the thermosUt around a bit to get it to come 

Thef sh'^ildrl'^lL^ed '"'""^ c^orrect iS^Son 

the eVar^rato^ Til , . "^'^ D^^^^^ect the thermal bulb from 

me evaporator. Tie a strong string to the end of the thermal bulb. Slowly pull the 

to ™Tr?H • '"^"^^^^ '"^^ '^""^^^ f"-"- 'f^e The strmg ca^ ^^ow used 

L'^n back into place. After connecting the electrical w" Si 

of^^J'n. ^"'^ '"^^ thermosUt, the unit can be p^t b^k^o 

Evaporators 

attral^ve.''^^''''^" "'"'^ refrigerators must be nigged, functional, and 



Frosting type refrigerators usually use a flooded type evaporator or a plate with 
aluminum tubing attached to the back. Very often you wm findfa refrigerator uses 

tySi' vaTr^tors","'' ' '7/°^"^' - section T^e^e p ate 

^torTtT TT^^^' "^"^^ °^ aluminum. Home freezers often use an evap- 

Sum wire °* '^"^'^ aluminum tubing crisscrossed with steel or alumi^ 

When^.TSfr'""" recommend attempting to repair aluminum evaporators 

l^'^^cot^ete-^L^r ^ ' '''' " '"^^"""^ "P^- 



Suction Line 

nier?^ Tl'Z T """f ' °' evaporator on domestic boxes, 

box. This extra length is to allow the suction gas to pick up enough heat (from the 
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capillary tube) so that tht suction line will not sweat outside the box. A sweating suc- 
tion line umiaily indicates an overcharge. If the system is correctly charged and the 
suction line still sweats, it raust be uisulated to keep the condensate from dripping on 
the floor. Suction lines are usually made from 5/16 to 3/8 Inch copper tubing. 

Door Gasket 

Domestic refrigerators have a synthetic rubber or flexible plastic gasket around 
the door. This gasket or seal is designed to make an airtight seal between the door 
and refrigerator body. Door seals usually last from five to seven years. It is always 
best to replace door seals with an exact like item. However, this is not always pos- 
sible. Sometimes you will find it necessary to use a general replacement seal. There 
are several types of seals In general use. The door should be removed and laid on a 
flat surface when replacing the gasket, this will prevent warping of the door. 

LOCATION OF THE REFRIGERATOR 

The convenience of the work area normally determines the location of the refriger- 
ator. However, the following factors must be given some consideration. Do not expose 
to direct sunlight. The solar heat gain will increase the cost of operation. Near a 
power «ipply, extension cords are unauthorized inihe Air Force as they reduce the 
line voltage. Ventilation is required for satisfactory operation as there must be an 
unrestricted flow of air through the condenser. Temperature is another factor. If 
the ambient is excessively high, the condensing unit will have a long on-cycle and a 
short off -cycle. This reduces efficiency and Increases the cost of operation. If the 
ambient air is too cold, the head pressure will fall below allowable limits, and the 
unit will not operate satisfactorily. 

CLEANING. Cleaning the Inside of the box is the primary responsibility of the 
user. However, this does not relieve the refrigeration specialist from having to per- 
form the job occasionally. One of the best cleaning agents is baking soda, water, and 
a soft rag. Sometimes it may be necessary to use warm soapy water. Any of the 
standard household detergents will work very satisfactorily. The use of abrasives 
(cleaning powder or steel wool) is not recommended. These agents will remove the 
luster from the enamel and leave a dull finish. Some stains cannot be removed with- 
out the use of an abrasive. So the question becomes. Which would you rather have, a 
dull finish or a stain'' 

A plate type condenser can be cleaned with a brush and a vacuum cleaner. Forced 
convection condensers become clogged with dirt, lint, and other types of foreign mate- 
rial. Sometimes these condensers will become so dirty that it will be necessary to 
use a high-pressure air hose to clean them. 

SERVE E 

The service requirements for hermetic units differ somewhat from conventional 
systems. However, with the correct tools and general knowledge of hermetic systems, 
any good refrigeration specialist will have very little trouble servicing these sye^^cms. 
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Some of the more common items that need attention are as follows comoressors 

lZT.V"'"'"u P'-^'-'O". cleaning, abnormal noise, door seals rXicted 

eiL br'eaS; sTrC^.'-H -"1^^°" ^^aters. electrical shores "d o^ns. 

leaKs. oreaner strips, and moving the units. 

POWER SUPPLY 

must^^^c'he^^^*''^^ electrical motor to a power supply, the following things 

seas varv^^'r^^^l'!! : m the US is 60 cycles. The frequencies over- 

seas vary so much that each power source should be checked. 

will I siZTLl.^ multiphase motor will not operate on single-phase current, neither 
Removed °" multiphase current, unless one of the phases is 

fhP ^nfJ°^\f^^ "J^" °" electrical units on the circuit and check the volta«e at 
refrrerlr h'°".h t ^ ^omesUc 

It.Tr. . ^^'^ Pl"88«l "'to same outlet. Extra appli- 

ances can cause low voltage. ^A>-«4 4{JPH 

Installation and Operation 

Domestic refrigerators are designed as self -conUined units. However here are 
some general items that you should consider when installing a new refrigerator 

Remove the shipping bolts from the compressor, if necessary. 

Remove the shipping tiedown strips. 

Install the shelves, crisper, etc. 

Check the electrical supply. 

.^!''f L"*^ refrigerators that use a magnetic door gasket should 

so that the door wUl swing shut from a half open position. 

Plug in the unit. 

Turn the unit on and set the thermosUt at the midrange. 

Instruct the user m the correct operation, cleaning, and maintenance 
procedures. 

GENERAL INSTRUCTKNS. After installing a new domestic refrigerator make 
sure the user thoroughly understands these general instructions Keep the door closed 
as much as possible. Put all liquids in closed containers. Cool all foods to room 
temperatures before putting them in the refrigerator. Do not overload the box. Also 
ma^ke sure the user understands defrosting procedures, if necessary, the correct use 
of the cold control (thermostat), and correct cleaning procedures. 

II 2^:'-) 



be s 



ERIC 



MOVING A REFRIGERATOR. Before moving a refrigerator, all of the loose parts 
(crisper, shelves, ice trays, etc.) should be removed or tied securely. Tie down the 
compressor; this keeps it from moving around and breaking a line. Cover the unit 
with a padded blanket (shipping blanket) and strap it securely to an appliance moving 
cart. The refrigerator can be turned over on its side if necessary. However, it is 
best to keep it in an upright position as much as possible. 

When reaching its destination, the unit should be serviced the same as a new unit. 

COLD STORAGE-REFRIGEPATION COMBINATIONS 

IXiring the initial development of the domestic refrigerator, the freezing unit or 
section was small. It would hold two or three ice cube trays and that was about ail. 
The customer began demanding more and more freezer space until some boxes are 
one-third freezer space. The freezer must be mainUined at about O^F while the 
refrigerator section is only 40 to 50°F. Several methods have been employed to main- 
tain these two different temperature ranges within the same box. 

Air Spillover Using One Evaporator (See figure 4) 

This IS the oldest method used to maintain two different temperatures. The cold 
air that flows (spills over) the frozen food compartment cools the regular refrigerator 
space. This system has disadvantages. During periods of light usage, the tempera- 
tures of the refrigerator space will become too cold. During periods of heavy usage, 
the refrigerator temperature will be too high even if the temperature of the frozen 
food area is normal. 




Refrigerant Spillover Using Two Evaporators (See figure 5) 



In this system the tuhing. evaporator size, and refrigerant charge is very critical. 
The liquid refrigerant goes to the coldest evaporator first. If this area needs refriger- 
ation, ail of ^he liquid is vaporized and the vapor is superheated in the second evapor- 
ator before j. i o the connpressor. When the first evaporator is satisfied, the 
liquid will spu .r into the second evaporator and be vaporized there. An accumulator 
at the end of the coldest evaporator aids in keepmg the refrigerant from spilling over 
too soon. 



The compressor is cycled by a thermostat on the warmest evaporator. The evap- 
orator in the fresh food compartment is much smaller than the one in the freezer sec- 
tion. The thermosut cycles the unit off when the saturated vapor reaches the ouUet 
of the medium temperature evaporator. 

Metered Chilled Air System. (See figure 6) 

This system is used on modern -'no- 
frosr* refrigerators only. It utilizes a 
finned, forced convection evaporator that 
IS located in the frozen food compartment. 
A fan forces the air over the evaporator 
coil and over the food in the frozen food 
compartment. A critically sized duct runs 
from the evaporator to the fresh food com- 
partment. Therefore, a metered amount 
of cold air is forced through this duct into 
the fresh fopd compartment. This air is 
very cold and is usually directed toward 
the top or sides of the box. If this cold 
air IS allowed to stxiice a product directly 
the product will be frozen. Small holes 
permit the air to return from the fresh 
food compartment to the freezer compart- 
ment. Since the forced convection evap- 
orator Is in a low temperature area, it is 
necessary u) use some form of automatic 
defrost. 

Since the thermal bulb of the thermostat is not attached to the evaporator, it (eels 
air temperadire only. Most manufacture! s place the thermal bulb in the freezer 
:ompar aent; however, some place it in the fresh food compartment. 

AIRFLOW. The freezer air is drawn into the return air duct, see figure 7. at 
the front of the freez.er. It passes to the rear between the divider and freezer bottom. 
It IS then drawn upv^ixd through the evaporator and discharged mto the freezer section. 

The sensing element of the cold control is locateu at the rear of the freezer air 
return duct, in the refrigerator section the refrigerator air is drawn mto tl.^ refrig- 
erator air return duct at the top front of the refrigerator section. It passes to the rear 
of the section between the styrofoam divider and the top of the refrigerator section. 
It is drawn upward through the coolmg coil and discharged into the fan cover by the 




(an. Part of the air that is discharged into the fan cover is directed into the refrigerator 
air duct» which is mounted on the insulation side of the liner. The air then passes down 
the duct and enters the refrigerator section. The amount of air entering the refrigera- 
tor IS carefully tialanced with the amount of air entering the freezer to achieve proper 
temperatures in txDth sections. 




Figure 7. Airflow in A No- Frost Refrigerator 

Today modern refrigerators use variations of the refrigerant spillover and meterec| 
air systems on their frost free refrigerators. The evaporators n be located anv- 
where such as in the lower portion or either side. The refrigeri 3r operates basically 
the same as those previously listed. The side by side refrigerators tend to be larger 
in size, 20 to 30 cubic feet. 

Domestic Freezers. Domestic freezers were first developed for the storage of 
frozen foods m the home. These boxes may be either the chest or upright type. The 
chest type operates more economically and the temperature fluctuations are not as 
great as with the upright. The upright type box was developed so that a large box 
would not take up too much floor space. The greatest disadvantage of the upright box 
is that each time the door is opened, the cold air spills out and is replaced with warm 
air. This not only causes the unit to operate longer but also causes a large tempera- 
ture fluctuation within the twx. 

These freezers are similar in design and operation to that of the domestic refrig- 
erator, except for the lower temperatures that they maintain. 

Defrost Systems 

All modern domestic refrigerators have some type of automatic defrost. Two 
types of automata defrost in general use are- hot gas and electrical. In general ail 
defrost systems have the following major components. 
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TU.Ji\^^S I^^^' "^^ ^ ^ electrical clock that energizes the defrost systems 
sTl^" ^i?"":,"^^''^'^ °^ clock timer' (1) Clock 1^4 r^'" 

m cord Lme T ?rT" "'."'^^ ^ ''^'^ ^ -""^d ^ plug- 

a J .\ . ^ ^ plugged in, the clock is running. Some of these timers 

w-e set to defrost once every 12 hours, while others defrost every Hr Scours 

o e Z ', T' ''''''''^^ ''"^'^ ^ '^^""^•^'^^ '° con.presso circu t There- 

fore, the clock runs only when the compressor is operating. Aiter a eiven number oP 
hours of operation, usually al»ut 4 to 8. the timer e'^ergizes tTe defro'st system 

wate^af^d^s'^Sf^of "^^"^ "vaporator to catch the defrost 

wdicr ds u arips off of the evaporator. 

keep''t?e'T.Jr?''''"r"^^;'^K».^ '^^'^^^'^^^ ^^^^^ ^°<^^'«^ the drain trough to 

keep the water from freezing before it has a chance to w out the drain line. 

to fh« , ^ °^ '^^^^ °" P^"'^"^ ^blng runs from the drain trough down 

to the drain oan below the rpfncrorafnT. if ^ • 7 (.luu^^i* uuwn 

area, it must teTeared ^ ^^^^ P^"^^ through the freezer 

defro^s^t^teriromV.' '^f""' n "'''^ '^"^^^ ^« refrigerator. The 

T/T evaporator collects in this pan and is evaporated by the heat of 

Uie compressor, oil cooler circuit, or condenser. P oy cne neat oi 

MECHANISM For satisfactory operation, particularly in the freezer 
r.Trn ? ^'^^ evaporator must be held to a mmimum " s 

mosut'^'^'^ THERMOSTAT. This unit has several different names, defrost ther- 
mostat. termination thermosUt, defrost limit switch, and safety control PeeardLss 

iTu'ons":'" '''' - manner' r have th'^'s^me 

Dla3t'I?L" hlu-lfllT^^ 'fr^^ °^ " '° 3/8-inch thick) 

!nS^ ? . . mechanism consists of a bimetal element that is open at 37 to 

40OF and is closed at 18 to 24OF. It has two purposes- s open at to 

Keeps the defrost heater from getting hot unless the evaporator is cold. 

Stops or terminates the defrost cycle when the evaporator reaches 37 to 40OF 

T^e de°Jost^m''e^r'^'^^f '^f""- ' ^^'"^'^^'^^ ' ^V^^e-- 

^ho K o i . solenoid valve allowing the hot condenser gas to flow thrcxigh 

Uie bypass (dashed line) into the evaporator. The hot gas gives up its heat Ld me Its 

waTe" T^I'h" "^k' P"^- '''' eva^rlt's the 

drain linl^ ' "^^^^ ""'^'^ ^"""^ ^"^""^^ ^1°^^ the 

Some of the hot gas condenses in the evaporator. To eliminate a liquid lock in the 
LcTJrj.' -^--^erant is vaporized by an electrical heating^lement on ^e 

fnr .^f "T^^"" ^^^^ operation - by using the heat in the hot gas, the requirement 

with Le JL'' ^ - ^ ^ direct contact 

with the tubes in the evaporator. Therefore, the ice is melted very rapidly 
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DEFROST EVAPORATOR 




Figure 8. Defrost System 

Disadvantages. The hot gas defrost system is more difficult to troubleshoot than 
the electrical. If the box is located in a low ambient temperature area, there will not 
be encwgh heat in the hot gaa to completely defrost the evaporator. The ice will con- 
tinue to txjild up on the evaporator until it must be defrosted by hand. 

SERVICE AND MAINTENANCE. Hot gas defrost systems are subject to the fol- 
lowing three malfunctions or troubles* 



* Solenoid Valve Stuck Open. The symptoms are compressor operates all the 
time, box temperature high. low side pressure high, high side pressure low, and by- 
pass line warm. Checking procedures for these symptoms are operate the system and 
tap the valve with a rubber hammer. If tapping causes the valve to close, it mdicates 
the valve is faulty and should be replaced. If the valve does not close, unplug the unit 
and disconnect the electrical wires at the solenoid valve. Operate the unit. If the v. Ive 
closes, the trcwble 13 in the defrost timer. If the valve does not close, replace the 
valve. 



♦ Solenoid Valve Stuck Closed. The symptom is- the system will not defrost. 
The checking procedures are unplug the unit and disconnect the electrical wirmg at 
the solenoid valve. Connect an external power source ro the solenoid. Operate the 
unit. If the solenoid valve opens, the trouble is in the defrost Umer. If the valve does 
not open, the valve must be replaced. 

Solenoid Valve Leaking. The symptoms are- the low side pressure is high 
the high side pressure is low and there is a high box temperature. Compressor runs 
all the time and the bypass line is warm. The checking procedures are the first four 
could be caused by a bad compressor. The last symptom mdicates that the trouble is 
in the solenoid valve and not the compressor. 
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ELECTRICAL DEFROST SYSTEM Th\s iefrost system is very simple. It con- 
sists of an electrical heating elenu^iil wound around and attached to the evaporator. The 
defrost timer turns the compressor off and turns the defrost system on. Electricity 
ilows through the heating element arid heats it up. The heat melts the ice on the evap- 
orator. As soon as the evaporator roaches 37 to 40°F, the defrost thermostat turns 
the defrost system off 

Advantages. Complete or positive defrosting of the evaporator- system is simple 
and easy to troubleshoot. 

Disadvantage The cost of operation. 

SERVICE AND MAINTENANCE. Electrical defrost systems are subjected to the 
following malfunctions or troubles 

* Unit Will Not Defrost. The symptoms are, with the unit operating- box 
temperature high, very little air coming through the evaporator, and the evaporator 
covered with frost. Checking procedures are unplug the unit, defrost the evaporator, 
and disconnect the electrical wiring at the element. If the heating element gets hot, it 
IS satisfactory, and the trouble is in the timer If the heating element does not get hot. 
It IS faulty and must be replaced. 

Unit on Defrost and Will Not Change Back to Normal Operation. The symptoms 
are box temperature high, evaporator completely defrosted, compressor hot opera- 
ting, and the defrost heating element is hot. Checking procedures the first three 
symptoms could be caused by several different conditions The fourth symptom indi- 
cates that the trouble is in the defrost timer. 

Unit Will Not Defrost Completely The symptoms are unit has a long on- 
cycle, box temperature high, small amount of air coming througn the evaporator , and 
par t ol tlie eva(X)raior covered with Ir OS t. Checking procedures the symptoms, particu- 
larly the fourth one. indicate that the defrost thermostat is stopping the defrost cycle 
too soon. Replace the defrost thermostat 

DEFROST SYSTEM WIRING DIAGRAM There are several types of defrost timers 
used on domestic refrigerators. The defrost timer is illustrated in figure 9. This 
timer consists of four major components. They are as follows- an electric motor that 
runs continuously, a rotor (with a lobe) that provides two defrost cycles for each rota- 
tion, a reset solenoid, and two sets of contact points, one set is always open when the 
other set is closed. During normal operation, as shown in figure 9. electrical current 
is supplied to the compressor through the closed contact points 2 and 3. When the 
rotor moves far enough, movable contactor 3 moves up on the lobe and opens contact 
pomts 2 and 3 and closes contact points 3 and 4. Current is now supplied to both the 
defrost and drain heaters. When the evaporator warms up to 37°. the defrost thermo- 
stat (defrost limit switch) opens and stops (terminates) the defrost cycle by energizmg 
the reset solenoid, which opens terminals 2 ^ i 4 and closes 3 and 2 to start the 
compressor. 

The wiring diagram in figure 9 is for the electrical defrost system. This same 
type of timer can also be used with hot gas defrost systems by substitutmg a solenoid 
valve for the defrost timer 
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Figure 9. Defrost Timer 
SERVICING HERMETIC UNITS 

It takes a qualified refrigeration specialist to troubleshoot a/id service hermetic 

Unc tion?" n '^""^Sr "^^^^^ "^^y ^ ^^^^^ ^^^^^^^ ^i^^^^ent mal. 

^^.^Ih h^^^ ^ considerable time to eliminate all of the possible troubles 

Listed below are some of the more common maintenance problems 
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Replacing Filter-Drier 



Most hermetic units have a filter-drier installed at the bottom of the condenser 
between the condenser and capUlary tube. Occasionally you will find a drier installed 
between the outlet of the capillary Cube and inlet of the evaporator. 

The strainer (it may be a f ater-*ier) at the entrance of the capillary tube is 
placed there to catch all types of foreign matter before it enters the tube. In many 
cases, If you suspect a stopped-up capillary tube, you will find the restriction In the 
strainer, 

A restricted or stopped-up capillary tube (f ilter-dner or strainer) will produce 
the following visible symptoms box temperature high, unit runs all tJ» time, and the 
evaporator totally or partially defrosted. A low charge will indicate these same 
sympU)ms, 

Checking Procedures 

Install the manifold gage assembly and check the low and high side pressures. On 
an mitial restriction, high head pressure and low suction pressure will be mdicated, 

NOTE If the high side is normally too low and the low side is very low, the cap- 
illary tube may also be restricted. 

Use a six- inch flat file and mark each side of the capillary tube just as it leaves 
the strainer, 

CAUTION Put on goggles and use extreme caution before proceeding with the 
next step. 

Use a pair of pliers and break the capillary tube at the point where you marked it 
with the file. 

Check each end of the capillary tube, 

a. Liquid refrigerant should pcwr out of the strainer unrestricted. 

b. Gaseous refrigerant should come out of the capillary tube slowly. 

NOTE: Remember, you have a lot of restriction in the capillary tube. If the 
restriction is in the strainer, remove it and install a filter drier, 

NOTE, A partially restricted strainer will have a temperature drop across it. 

If the restriction is in the capillary tube, it will usually be within three or four 
inches of the end. 

Cut off atxxit four inches of the bottom end of the capillary tube. 
Apply refrigerant pressure to the low side of the system. 
Check to see if the capillary tube is open. 
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NOTE. If the capillary tube ia stUl restricted, it must be either cleaned or replaced. 

If the fUter-drier is restricted, replace it as follows* 

Remove the old filter-drier. 

Install an access fitting in the low side. 

NOTE: InstaU the access fitting tube on the compressor if possible. Install an 
access fitting in the high side. 

NOTE. Install this fitting near the filter-drier. 
Install the filter-drier. 

Use normal service procedures and place the equipment back in operation. It is much 
easier to clean a capillary tube than to replace it. THere are several commercial 
capillary tube cleaning tools on the market. Some of these tools will produce a pres- 
sure of 15, 000 psL ^ 

If a capUlary tube cleanmg tool is not avaUable use the followmg procedures 
Remove the breaker strips. 

Disassemble the unit enough so that the capillary tube and suction Imes are 
exposed. 

Remove the capillary tube and suction line. 
Fabricate a new suction line. 

Solder the new capillary tube to the new suction line. 
Install the new suction Ime and capillary tube. 
Install a fUter-drier at the outlet of the condenser. 
Pressurize and leak check the system. 
Reassemble the refrigerator. 

NOTE Make sure you do not bend or kink the suction or capillary tube. 
Evacuate and charge the system. 

NOTE If possible, the capUlary tube should be mstalled so that some of the sur- 
plus can be coUed at the top of the unit just before the tube enters the evaporator 
The remaming surplus tubing should be coiled at the bottom of the unit. 

The procedures qu timed above are for general discussion purposes only. Actually 
procedures will differ between types, models, and manufacturers of equipment. 

20 



254 



Capillary Tube Selection 



For maximum efficiency the exact replacement should be obtained from the manu- 
facturer, however a general replacement kit can be purchased through normal supply 
channels; instructions will be furnished with the kit. The two thmgs you need to know 
are the length and the inside diameter. 

ACCESS VALVES 

In order to check or service a hermetically sealed system that has no servicing 
valves, an access valve of some type must be installed. There are numerous types 
available on the open market, the Air Force uses two of these, the Schrader Valve and 
the Line Tap Valve. 

Schrader Valve. 

One that is soldered into the system, becoming a more permanent installation. 
Loss of refrigerant charge when installed. 

Requires a charging hose with special insert to depress the valve core. 

Valve core is removable (same as the type used on automobile tires) 
CAUTION Remove valve core before soldering mto system to protect the seal. 

Line Tap Valve. 

• Valve is clamped arcwnd the tubing, not a permanent mstallation. 

• Installed with no loss of refrigerant. 

• Some types require a control valve for servicing. 

The gasket material on most of these valves is designed for high temperatures 
(discharge line) 

• Install valve on clean, straight, round tubing. 

One type of Ime tap valve is designed for use on only the size tubing specified. 
This valve also requires the use of a control valve used to screw the piercing needle 
m and extract it for servicmg. The control valve fits the full size range of these valves. 

Another type line tap valve Is designed for various sizes of tubmg, with the aid of 
shims that come with it. It does not require a control valve. The piercing needle is 
spruig-loaded to the closed position and by inserting a small adaptor, replacmg the 
cap we depress the needle and pierce the line. The adaptor is removed and from then 
on a charging hose with a depressor insert (type used on Schrader valves) is used for 
servicing the system. 
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To use the electronic leak detector, proceed as follows 

• Plug in the unit and allow it to warm up. 

• Adjust the sensitive knob until the unit stops whistling. 

• Place the probe nozzle at the nnetered leak and adjust the sensitive knob until 
the unit whistles. 

• The unit is now ready for use. 

• Move the probe nozzle over the complete system. 
NOTE Move the nozzle very slowly. 

The unit will whistle when the nozzles find a leak, 

NOTE: After operating one hour, the unit nnust be turned off and allowed to cool 
for one hour before being used again. 

This leak detector works very well where the unit to be tested is a "refrigerant 
free area. " Manufacturers often place their completed refrigeration systenns in a 
refrigerant free booth and check them with an electronic leak detector. This test 
guarantees the system is free of leaks before it leaves the factory. 

Adding Oil to a Hermetic System 

It IS very seldom necessary to add oil to a hermetic system. These systems con- 
tain the correct oil charge when they leave the factory. Since oil is not used up in the 
normal operation of a refrigeration system, the oil charge will remain correct (unless 
lost through a leak) throughout the life of the equipment 

There are two conditions that require changing the oil; water in the system and 
excessive oil leakage. 

Water m the system - It is practically impossible to get water out from under oil 
in a compressor. If the system becomes contaminated with water, it is necessary to 
remove the oil from the compressor before starting the following drying procedures. 

Purge the refrigerant from the system. 

Renrwve the compressor from the system. 

Pour the oil out of the suction line connection. 

NOTE Measure the oil in a graduated glass cylinder or other suitable container. 
Place the compressor back in the system. 
Evacuate the complete system. 
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LEAK DETECTORS 



Soap bubbles have been used for years to check for leaks m all types of svsttms 
contaming pressure These include air, natural gzs. cariwn dioxide, refrigerant, and 
all other types of vapor and ^ases 

Soap bubbles work very well as leak detectors around such thin-s as service val^ves 
packmg, gasketed surfaces, flare nuts, and soldered connections. Obviously it woukl 
be impossible to apply soap bubbles to a complete refrigeration system. You'can use 
a halide leak detector to find the general location of a leak and then use soap bubbles 
to pmpoint Its e.xact location. uuuuica 

Electronic Leak Detector 

The electronic leak detector pictured m fi-ure 10 li, designed lo find very small 
leaks. It IS so sensitive that vou can find a leak as small as one ounce a vear This 
mstrument is so sensitive that it is verv diflicull to u.sc under normal shop conditions 
There IS always some refrigerant ui the air m a rel r moration shop. This instrument' 
will indicate a leak just about ., vwhere around the shop. 





NOTE: To dehydrate a refrigeration unit that contains liquid water, the complete 
system must have a temperature of lOO^F or more and be under a vacuum of 50 
microns or less for three or four days. 

After the drying procedures are complete, place a quantity (more than the required 
charge) of oU in a graduated glass cylinder. 

Place the end of the purge line in the oil. 

Allow the vacuum in the system to pull the correct amount of oU into the compressor. 

NOTE: Do not allow the end of the purge line to come out of the oU. 

Excessive oU leakage - In the case of excessive oU leakage, DO NOT guess at the 
amount lost and then add that much to the system. The correct procedure is to drain 
ail the oU from the compressor and then add the correct amount accordmg to the manu- 
facturer's specifications. 

Chargmg Hermetic Units 

Hermetically sealed units normally use a capillary tube refrigerant control. There- 
fore, the refrigerant charge is critical. There are two methods normally used to charge 
hermetic units. These methods are called the weighted method and the direct method . 

The weighted method of charging is a method whereby the exact amount of refrig- 
erant IS determined by observing the data plate and then just that amount is weighted 
and charged mto the system. 

With this method the refrigerant is transferred from a refrigerant drum mto a 
high-pressure translucent cylinder, where it can be seen and measured on a scale 
gra4uated m ounces of refrigerant. Having weighed the refrigerant this critical charge 
can now be placed into the unit being serviced. 

CHARGING EQUIPMENT. There are several manufacturers producmg charging 
equipment under aich names as charging panels, charging cylinders, charging stations, 
etc. The using procedures differ with manufacturers. 

CHARGING PANEL. As stated previously the refrigerant is first transferred into 
the transhicent cylinder where the liquid level is seen and measured on a fixed refrig- 
erant scale (graduated in ounces). This equipment has a disadvantage in that the vol- 
ume of liquid as indicated by the liquid level wUl vary with changes in ambient air 
temperature and as a result erroneous measurements could be made. Charging equip- 
ment which will compensate for these temperature changes are available and are dis- 
cussed next 

CHARGING CYLINDER (TEMPERATURE COMPENSATED). The charging cylmder 
is basically the same as the charging panel except that it has the ability to compensate 
for temperature changes and may be used for charging refrigerant 12, 22, 114 and on 
special models R.502. 
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The portable charging cylinder will be used aa follows' 
I. FUl the cylinder with the required refrigerant. 

^' u^fJd. cylindrical dial to correspond to the type of refrigerant being 



3. 



Adjust the scale to compensate for volume change due to ambient temperature, 

^' J'^^l^JnU'r f!;f?^!!.°" pressure gage mounted on the top of the charging 
cylinder which indicates internal pressure of the charging cylmder. Sse 
^ the pressure temperature relationship, the temperature determines pres. 
sure, the pressure in turn determines the volume. 

5. Turn the plastic calibrated shroud which surrounds the cylinder to the proper 

ctlT^^lV^^^ """^K ^"'^'^ ^corresponds to the indicated pressure on thf 
cnarging cylinder gage). 

frLint t2!. n ^ ^^^^8^' Charge the system anticipating the 

amount that wUl remain after charging and stop at this level, 

^ nni;?»5^5°^? STATION, One company manufactures a charging cylinder mounted on 
a portable handcart, complete with MGA and vacuum pump. ^y^^^^^ mounted on 

An example of a charging panel and a 
portable charging station complete with 
manifold gages and vacuum pump are illus- 
trated in figure U. 

Advantages: Fast A given amount erf 
refrigerant can be put in the system in a 
relatively short time. It removes guess- 
wort If you know exactly how much refrig- 
erant your unit requires, this amount can 
be placed in the system. Then it should 
operate satisfactorily. Inexperienced per« 
sonnel can use it with very litUe instruction. 
Charging stations are used on manufacturers' 
assembly lines. The manufacturer can 
assign an inexperienced person the job of 
charging the units. This works satlsfac- 
torUy as long as the person charging the unit 
observes details carefully. The charging 
station can also be used ui areas where an 
experienced refrigeration service man is 
not available. 

Disadvantages There may be some dif- 
ferences in the operating characteristics 
between two units of the same model. There- 
fore, one unit may require more or less 
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Figure II. Charging Panel 
Charging SUtion 
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refrigerant than another. A repaired unit does not have the same operating character- 
latics aa a new unit. Hie fact that you are charging the unit indicates that some major 
maintenance or repair function has been performed on the system. This maintenance 
or repair may have changed the operating characteristics of the system. Some units 
do not list the correct charge. 

Direct Charging 

The charging procedures listed here are for general discussion purposes only. The 
actual step-by-step procedures are outlmed in the workbook. 

Install an access valve in both the low and high sides of the system. 

Pressurize and leak test the system. 

Evacuate the system. If you attempt to evacuate the system through the low side 
only, all the vapor and moisture in the high side must be pulled through the capillary 
tube. As you can see, this would be very difficult and would require a long time. 

Break the vacuum with refrigerant. 

Evacuate the system. Break the vacuum with refrigerant. 
Turn the unit on and give it a good slug of vapor. 

Listen at the outlet of the capUlary tube. There is a little refrigerant in the system. 
You should hear a gurgling, hissmg sound as the refrigerant feeds into the evaporator. 

Feel of the eVaporator right where the capillary tube connects. You will feel a 
cold spot. This spot may actually frost. If you stopped chargmg at this moment, the 
little frost spot would remain just a little frost spot. 

Cue the system a little more refrigerant. 

Chick the size of the frost spot. It will get larger in relation to the amount of 
refrigerant added. 



Continue adding refrigerant and checking the evaporator until it is completely 
frosted. 

Check the pressure on the gages. The low side should read about 2 to 5 psi. 

Allow the unit to operate for 12 to 24 hours. During this time, periodically check 
the low and high side pressures and the frost on the suction line. Generally, it is a 
good practice to slightly overcharge the system. When the frost appears on the suc- 
tion line, bleed off the excess until the frost line recedes into the box. 

Observe the box until it has cycled (turned off and on) several times. 

Observe the suction line when the unit turns ON If any frost appears at this time, 
bleed off a little more refrigerant. 
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The system la now ready to return to the user. 

Do not attempt to charge a capillary tube system m a few minutes. Take your time 
L o^ratfon oi'th 'I^^^h' Procedures early m the mornmg. and observe ' 

nlr^Z Z u throughout the day. Work on . ;mething else while the box la 

operatmg. it will not take twt a moment to observe it occasionally during the day. 

lined^ere. "° '° ""^"^^ * capillary tube system than the procedures out- 

Hrr^J^^f^rJ following ruies when charging a capillary tube system' (1) Take your 
ime (2) Evacuate the system before charging. (3) Let m the refrigerant gradually. 
4) Observe the low side gage, the high side gage, and frost on the evaporator or suc- 

Uon lUie wnue chargmg. (5) Unit must operate satisfactorily for 12 to 24 hours before 

oeing returned to the user. 

The procedures discussed here will hold true for any capillary tube systurxi where 
the evaporator operates at temperatures below freezmg. Most of these procedures 
wlli also hold tn-- for window air conditioners. 

^ f'^^'TAGES OF DIRECT CHARGING. The procedure will work on all capillary 
tube systems. This method does not require special charging equipment. 

DISADVANTAGES OF DIRECT CHARGING. Requires more time. It requires a 
trained refrigeration specialist who can trust his own judgment. 

Starting Relays 

Hermetic compressors normally use an inducUon motor with two windings- a 
s^t winding and a run winding. This requires some type of switch to automaticaUy 
disconnect the start winding as soon as the motor reaches approximately 3/4 of its 
rated rpm. The automatic func.'on is performed by a switch known as a startinir 
relay. ^ 

TYPES: 1. Current 

a. open coll 

b. encloser coil 

2. Time Delay 

a. Hotwire 

b. Thermal 

3. Potential 

CURRENT RELAY. The current relay is used on low torque, fractional horse- 
power motors. 
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Advantages: Smaller and cheaper. 

Dlaadvanta^s Points open during high current draw resulting in arcing of its 
points. 

Operation: This relay operates on the principle that current draw is highest when 
the motor is starting than at any other time. The points of the relay are normally 
open when the compressor is not operating. When the thermostat closes, the current 
rushes in and magnetizes the relay coil. This causes the relay points to close. After 
the motor reaches two-thirds to three-rourths of its rated rpm, the current flow will 
drop and the magnetic field around the relay coil will decrease. The points will then 
be opened by gravity. Open conUcts cut the start windings out of the circuit. The 
run winding takes over. The current relays have Ihree termmals usually identified 
as L, S, and M. This relay can be used with a starting capacitor. If a start capacitor 
is used, It will be located m the start lead between the compressor and the relay. 



OVERLOAD 




Figure 12. Wiring Diagram (Open Coil Relay) 

Open Coil Relay (Current) The wiring diagram for this relay is illustrated m 
figure 12. The dash lines are electrical wiring connections. The solid lines are inter- 
nal connections between the compressor terminals and motor winding. 

Study this diagram until you understand it thoroughly. If possible, go to a unit 
that uses an open coil current relay. Locate and Identify each component and electri- 
cal connection illustrated m this diagram. 
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Enc osed CoU Relay. An enclosed coU relay la iUustraUid in figure 13 The oper- 
atK)n of this relay is the same as the open coil type. However in th^case the coU ^ 
no t seea. It is enclosed In a housing with the points. If you study t«th diLrams 
itZ n.l' compressor wires go through the theLafov HoL 

thermal overload is sized only for the compressor amperage. 



COMPReSSOR 
WINDINGS 




Figure 13. Wiring Diagram (E.iclosed CoU Relay) 

Study the wiring diagram untU you are thoroughly famUiar with it Procure an 

come wfth^th" ^^^^'^^^^^ connec'tiJns. Most enclosed correla" 

come with the run and start leads attached. i^iayo 

Hnn J^^ ^^^^ hot wire are l»th used on low torque frac- 

tional horsepower motors. These relays have their own built-in safety device 'and do 
not require thermal overloads. uevice ana ao 

fh™J WlJ-e Relay. Thia relay operates on the principle that electricity passing 
through a conductor produces heat, and heat makes metals expand. Figure 14 Ulus- 
trates a typical hot wire relay installation 4$"re i-. unis 




PLUG in CORO 



Figure 14. Hot Wire Relay 
29 
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The contact points, see figure 14, at M and S are normally closed. When the motor 
control closes, current flows from the Ime to terminal 1 and up to terminal L The 
current flows from terminal L down the hot wire and through Ihe internal mechanism 
tc the M and S contact points. From there it flows through both the run and start wind- 
ing and out the common terminal to the line. At this moment currenTS runnlHrth rough 
both the run and surt windings and the motor starts. At startup, there is a large 
current flow through the hot wire. The hot wire gees hot and expands. This small 
increase u; length allows the internal mechanism to move enough to open the start 
contact pomts. This stops the flow of current through the start wmdmg but the motor 
continues to operate on the run wmdmgs. If the current flow through the run wmdrngs 
becomes excessive, the hot wire will again mcrease m length and the mternal mech- 
anism will move enough to open the M contact pomts aid stop the motor. 

It is obvious that the amount the hot wire wUl expand at a given temperature is 
verv critical. «ic 

Disadvantages. The hot wire relay is not as reliable as the current relay because 
the tension on the wire is affected by ambient temperature. It is difficult to trouble- 
shool. These units will operate just perfectly as long as you are watchmg or checking 
them. However, at the most mopportune time, such as nights, holidays, or weekends 
the start contact pomts will fail to close on the "off cycle. 

Hot wire relays have been used on a great number of domestic refrigerators m 
the past. However, at the present time most manufacturers are usmg the current 
relay which is smaller and less troublesome. 

When the box temperature mcreases and the motor control closes, the compressor 
will fail to star*, because the start contact pomts are open. The unit contmues to warm 
up and defrost. When the user comes m and opens the door he finds the box warm and 
Uie evaporator defrosted. He calls a serviceman, but the openmg and closing of the 
door has jarred" the unit enough so that the contact pomts close. When the serviceman 
gets there, the unit is operatmg perfectly. Troubles like these can cause a refriger- 
ation serviceman many headaches. 

Thermal Relay (see figure 15) This relay operates on the prmciple that a bime- 
tallic element will oend when heated. With the cold control open, both contact pomts 
are closed, as illustrated m figure 15. When the cold control closes, current comes 
m termmal ' L • and goes out both termmals ■M" and "S. - The compressor is at rest 
so there is a large current flow thrcxigh the heater and the left-hand oimetal strip The 
bimeul strip gets hot and moves to the right, openmg the contact points. The sUrt 
wmdmgs are cut out of the circuit and the compressor contmues to operate on the run 
wmduig. There is enough current gomg through the run wmdmg to keep the heater hot 
enough to keep the bimetal strip from returnmg to its origmal position. When the cold 
control opens, the heater will cool off, and the bimeUl strip v -11 return to its origmal 
position. ^ 

The overload protection is provided by the right-hand bimetal strip. Durmg normal 
operation, the right-hand contact pomts are closed. High current flow will heat the 
bimetal strip, and it will move to the left, opening the contact pomts. As soon as the 
bimetal strip cools off. it will return to its original position. 
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^\ COMPKESSOR 




ADJUSTING SCREWS 



Figure 15. Thermal Relay 



SOLID STATE RELAY 



Solid state starting relays are relatively new just being Introduced to the field In 
*T u"^*^ primarily used to replace the current, hot wire, and 

^ "^'^ °" fractional horsepower and low torque motor^. B Is 

poeslble that one relay would fit every refrigerator and most small water ccxjlers on an 
AIT rorce Base. 

The major advantages that the soUd state relay has over the other relays are: 

A. Cost 

Its coat la about one fourth that of other relays. 

B. Reliability 

Other relays have a fall safe factor of ten thousand to fifteen thoMand trouble 
free starts, where as the solid state Is rated over fifty thousand trouble free 
starts. 

******** THEY DO NOT USE CONTACTS 

C. Flexlblltty of use 

One solid state relay may be used for several size motors, where time delay 
and current relays must be sized for each motor. Solid state relays may be 
used to repair fractional horsepower open type motors with defective startlnir 
mechanisms. 
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D. Simplicity of inatallatlon 

They can be installed in a matter of minutes and also cut the number of parts 
that must be maintained in stock. 

The solid state relay (see figure 16) operates on the principal that heat wUl change 
the molecular structure of the filter grid to impair current flow to the start winding 
thus removing the sUrt winding from the circuit. Applied voltage wiU continue to keep 
the filter grid hot until the thermostat opens the circuit stoping the compressor. 

An external overload is required when using a solid state relay to protect the 
compressor motor from overload. 

A space connector is wired on one side of the relay. This is used to install a start 
capacitor if required (or may be used to install a hard start kit) 

••*THIS WIHE MUST BE CONNECTED TO THE START TERMINAL ON 
THE COMPRESSOR •••• 

The run terminal and all excessories (condensor fan heaters, etc.) and a lead from 
the power source wUl be connected to the other wire with a wire nut. 

The common terminal on the compressor wUl be wired through the overload back 
to the power source 




Figure 16. Solid State Starting Relay 



POTENTUL RELAX" 

Advantages. The points open during low current thus reducing electrical 
arcing. 

Disadvantages. Potential relays are larger and cost more than the current relays. 
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Application. Systems use high torque motors and automatic or thermostatic expan- 
sion valves. This relay is position sensitive to the extent that it must be mounted in 
the same position as the original factory application. 

Typical Potential Relay v inng Circuit. A typical potential relay wiring clr- 
c ult is illustrated in figure 17. This is the wiring diagram of a glass filler type water 
cooler. After thoroughly studying this circuit, locate and identify each of the major 
components, terminals, and electrical conductors. 

Operation. The freezestat is for safety purpoa es only and is normally closed. It 
only opens if the temperature of the water drops down near 33°F, see figure 17. When 
the thermostat closes, current can flow from the plug-in cord, through the freezestat 
and thermostat to terminal 1. At this moment three circuits are completed. 

Condenser Fan Circuit. Current flows from terminal 1 through the condenser 
fan motor to terminal L and back to the plug-in cord. 

Run Circuit. Current flows from terminal 1 through the conductor strip to 
terminal R. From terminal R, the current flows through the conductor strip to the 
compressor terminal. From this point it flows through the run windlr^ (in the compres- 
sor), out the common terminal, through the overload, and back to the plug-in cord. 



, ^:0^ 

! THERMOSTAT FREEZESTAT 

COnOEnSER fan I 




COMPRESSOR WINDINGS 



Figure 17. Potential Relay Wiring Diagram 
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start circuit. Current flows from terminal I on the compressor terminal box to 
terminal 4 on the relay. From terminal 4 it flows through the start capacitor to ter- 

Tn^r^i l^'^^'^'^VJ^ "^"^^^ '^^^^^ P°^^ ^''^'''^ normally cloaed) 

mT. ^ ^ ^^'•°"« to fof" current through the 

small hi«h resistance wire in the coU. Therefore, at this moment there will be no 
current flow from terminal 1 to terminal 5. Current flows from termmal 2 to termmal 
b and then through the start windings (in the compressor) to termmal C. From this 
point It flows through the overload and out to the plug-in cord. 

^ t\ compressor motor starts. Aa the motor comes up to about 

S,u^n^ ™" '^^8 ^ ^to start wmdings 

LTLT^.k '° '^'"'"^^^ 2- ^'•'"^'^ 2 the current flows to terminJT S 

and back to the start winding contact points in the relay. The motor is now operating 
w1n?i* only- The contact pomts are kept open by the voltage that the run 

wmding mduces mto the start winding. »- / u.c run 

CAPACITORS 

Starting Capacitor 

Starting capacitors are used to increase the starimg torque of the motor Thus - = 
accomplished by cancelling the counter EMF in the start wir.dmg and mcreasing the 
lag between the run and start windings. See figure 18. 



IXJU 



I COUNTER 
AMPS ' EMF 



AMPS 



lEMF 



COUNTER 
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• iTMOuT Capacitor 



Capacitor 
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kith capacitor 



Figure 18. 

Capacitors are rated in Microfarad (MFD) The MFD may be varied by 10 percent 
over the rating on the origmal capacitor. Starting capacitors are wired in series with 
the start winding. Some capacitors have a resistor across the termmals to reduce 
arcing of the contacts m the relay. 
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Running Capacitor 

Running capacitors are used to increase the power factor of the motor. It allows 
the use d the start winding and decreases the running amperage. 

The MFD of the running capacitor cannot be varied, as it la in the circuit at all 
times and affects the amperage draw on the motor. It is wired between the r^n and 
start termmala of the motor with power or run terminal connected to the identified 
terminal of the capacitor. See figure 19. 



RUNNING CAPACITO* 



tOCNTlFlFlCO 




START Capacitor 



Figure Id. Using a Run Capacitor 
Capacitors Connected in Parallel 



When capacitors are connected in par 
allel the total plate area ia increased, and 



I I — I — 

xmm^ I • . _ IX APPLIED VOLTAGE 

the MFD iB mcreased. The distance between T T T 

the plates is the same therefore the applied so mfd soLro 

voltage must remain the same as the cap- 



» 15V 



ac iters rated voltage. See figure 20. The 
formula is 



= + C2 + C3 etc. 



,,3V ■ '50 MfO V . 115 

Cm -0>)« 



Figure 20. Capacitors in Parallel 
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When capacitors are connected in series the total plate area is the same but the 
distance between the plates is increased. Because of the increase between the pUtes, 
the MFD will decrease hit the applied voltage to the capacitors can be increased. See 
example in figure 21. The formula is 

C1XC2 
^ Ci*C2 



A^^Lit D 

VOLTAGE 



230V 



50 mfO 50 i*FD 
i'5V M5V 



50 X 50 2500 

■ ■ 25 KiFD C- 

50 ♦ 50 '00 ' 



"5 t n5 • 230 VOLTS 



Figure 21. Capacitors in Series 



Terminal Arrangement 



Hermetic compressors employ two types of single-phase motors: the split phase 
and capacitor-start On the housing containing the motor and compressor, you will 
find three terminals which connect to the start and nin windings. These terminals are 
commonly referred to as the run, start , anT common . Some of the possible terminal 
arrangements are illustrated in figure 22. 





Figure 22. Possible Positions of Compressor Terminals 

Sometimes the compressor terminals are known or marked. In this case you will 
not have any trouble identifying the compressor terminals. 



Sometimes the compressor terminal arrangement is not known, 
a problem to determine just which is the common, start, and run. 



Then it becomes 



To be able to correctly wire the system or replace the starting relay, the terminals 
must be known. One method is to measure the resistance across the terminals. Then, 
by deduction, find the R. S, and C terminals. 

The first step is to measure the resistance across the terminals. This requires 
three readijigs. one across each set of terminals. Following Is the procedure for 
measuring t*^e resistance 
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Use an ohmmeter to uke a reading between terminals I and 3. See figure 23, 
Write down this reading. In this case, it is 16 ohms. 

Take the second reading between terminals I and 2. Write down this reading. 
In this case it is 12 ohms. 

Take a third reading between terminals 2 and 3. Write down this reading. In 
this case it is 4 ohms. 

At this time attention should be given to the readings. The two low readings 
(12 and 4 ) when added together should total the highest reading. Should 
the low readings not toUl the highest reading taken, this would indicate a 
malfunction within the motor windings. This does not mean the motor wUI 
not operate. A check of the running amperage will normally read about or 
below the rated amp)erage. 

Terminal Readings: (Figure 23.) 

I and 3 = 16 

1 and 2 = 12 

2 and 3 > 4 




Figure 23. Taking Readings Across Terminals 
Memorize the following rules: 

The highest reading (I and 3) is the RUN and START WINDINGS, figure 23 , 
and this is read across the RUN and START TERMINALS. The remaining 
terminal (2) is the COMMON TERMINAL. 

Highest reading is obtained by reading across the RUN and START terminals 
(thi5 is the Run and Start Winding). 



In thia case, the terminais are as follows: 
Terminal 1 is the Start Terminal . 
Terminal 2 is the Common Terminal . 
Terminal 3 is the Run Terminal . 
Thermal Overloads 

and v^'oltiYrrges^Tt^ire'^eZs'^^^^^^ '"^V"" "^""^-'^^ -"loads 

Current^d poLtial relays r^ie ^ .^^^^ "J'""" ^ ^ P^^P^"^- 
protection is pro^idti by a aniT^^-^ "^^^^ protection. This 

overload, see f^re 24 ^onS^tfof^ 1 TTi is thermal 

and a heater wirV -Hie orotic t^r f,L n ''"^ containing a bimetal disk 

the compressor Al[^e^ieTtrtityX r^hr'^ 8°^ ^ 

protector. electricity going to the compressor must pass through the 



The heater is designed to carry a given 
amount of current without getting hot. if 
the motor becomes overloaded and draws 
too much current, the heater will get hot 
TTie heat affects the bimetal disc and causes 
a to break the circuit. As soon as the 
heater cools off, the bimetal disc wUl move 
back into position and complete the circuit 
again. This cycle wUl continue to repeat 
Itself until the high current flow through 
the motor is reduced. 



Bl METAL DISC 




HEATER 



Figure 24. Thermal Overload 



repla^e:Tht°;e"l:ctgTe':ti:tiL;"era'^^^^ "^^^ ^^^^ ^ 

it can be checked'by"t^e^?Uow'S^o^::^r,es" ' ^ ^ 

unit fLt\C'on"r Ti^lnLli'^rTr r%">f°" "^"'"^^ -"'^-^ Pl-« the 
the current flow IS not «cessive ^ft^ierm'^ ' "^'"^^^ - « 

n the current flow ^ excessive unnL^^ ^^'^ "^"^ ^ replied. 

of the high current How ' ^ ^ '""^^^i^tely and check for the cause 

mst^eTinTwl.d"gT^'tJe°3r'"-?>,'°"^ ^^^^ "^"^ ^ ^''"^'^^ ^-c 
outs because it Tenses L temn^r,^ "^'"""^ '^'^ ^^^'^^^g '"otor burn- 

disc does not el^e^re^fri^ ^r^^tht mTot^^^^ ^^"^ ^^^^ 
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Only the power going to the compressor goes through the thermal overload The 
condenser fan or any other unit n»iat be connected on the Ime side of the thermal 

Clamp-On Volt-Ammeters 

Most rrfrigeration servicemen prefer using the clamp-on instrument mstead of 

HH^Sr-— ^^^^ 

STARTING HERMETIC COMPRESSORS 



It 13 possible to start a hermeticaUy 
sealed compressor without using a start- 
ing relay. Connect a plug-in cord to the 
common and nin terminals as illustrated 
m figure 25. MomentarUy. place an insu- 
iated jumper wire between the run and start 
terminals. The jumper wire must be 
removed as soon as the motor starts. 

A schematic of a pushbutton type 
starter cord is shown m figure 26. These 
starter cords come equipped with normal 
phig-in on one end and three alligator clips 
(for easy attachment on the compressor 
terminals) on the other end. The push- 
^tton switch is spring-loaded to the OPEN 
position. 



, PtUG-m CORO 




JUMPER WIRC 



Figure 25. Jumper Wire System 



WHITC 




JTTON SWITCH 
(SPmNC tOAOCO 0^€N) 

Figure 26. Schematic Pushbutton Starter 
Cord 



oH^A^^^ 1^ a pushkxitton starting cord \b illustrated in figure 27 The alliirator 
clips are color-coded as follows: Common ^ white. Run - blSc, and S^t r^ 

The main purpose of the starting cord is to check a malfunctioning starting reUv 
Check the power at the relay. 

If there is electrical power coming mto the relay, proceed to Step 3. 

* Unplug the unit 

• Remove the relay. 

9- 
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InaUU the white aUlgator clip on the common terminal. 
iMtall the black aUlgator clip on the run terminal. 
Inatall the red alllgaior clip on the at.rt terminal. 
Plug-in the start cord. 
Push the start button. 

CAUTK>N- The start Ixitton must not be held down more than a few seconds. 11 
the compressor starts, the starting relay is faulty and must be replaced. 




Figure 27. Pushbutton Starting Cord 



Motor Start-AnaJyzer 



These units are used for servicing hermetic compressors and have the capabUitv to 
check continuity of the windings, check the compressor for grounded windings star tL 
of split phase or capacitor start compressors/motors, and when required^ey have 
the capability to reverse the rotation of a compressor /motor that is shick (free this 
unit). See figure 28. ^ 

.K- v!^?*^^"'" wired and protected for an intermittent load provided 

the unit being tested does not exceed the 30-amp, U5/230-volt, 60-cycle circuit 

Testing the Analyzer for Serviceability 

Before taking the analyzer out of the shop for servicing a unit, perform the foUow- 
ing operational check on the analyzer: , f^i v^im uw louow 



Plug the analyzer into outlet 
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b. Turn the o«/on switch to the on position. 

c. Depress the pushbutton. 

d. The pUot lamp shcxild now burn. Analyzer is operational. 

e. If the pilot lamp does not burn checV the following 

(I) The two l5-amp fuses. 
v2) Power supply 

(3) Lamp twlb (pilot) in the holder: it may be loose or burned out. 




Figure 28. Motor Start-Analyzer 
Uiing me analyzer to check the compressor /motor windings for continuity. 
Plug the black phig into the number 2 jack and the red phig into the number 3 jack, 

1. Plug the analyzer into the outlet. 

2. Turn the of i /on switch to the on position. 

3. Using the correst onding color -coded clips, touch them to each pair of terminalB 
(1 and 2. 1 and 3, and 2 and 3). 

4. If the pilot l?mf> burns the w^indings are good. 

5. If the lamp does not burn then there is an open in the windin^TS. 
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Usjjig the analyzer to check a compressor/motor for grounded windings. 

1. Proceed as per steps 1 thru 3 (che^^king for open windings). 

2. Using the two color-coded clips, touch one clip to a clean spot on the compressor/ 
motor housmg. with the other clip touch oach of the terminals in turn. 

3. If the pUot lamp does not light, there are no grounds. 

4. If the pilot lamp burne , there is a ground. 

Using the analyzer to start a spilt phaae start compressor /motor. 

I. After completing the two checks for opens and grounded windings, determine the 
run. start, and common terminals using the multimeter or the terminal color 
code chart atUched to the analyzer (this chart is broken down by manufacturer). 

Plug the jacks mto the analyzer as follows 



When usmg the color-coded chart plug the jacks mto the analyzer according to the 
color Identification, then connect the corresponding colors to the properly color coded 
terminals on the compressor/motor (red to red, black to black, etc). 

When checking a unit that is not included on the chart, or is not properly klenttfled 
Identify the terminals usmg the multimeter, then plug the jacks into the analyzer as 
follows- 



#1 Common 
#2 Run 

#3 start, split phase 
#4 start, capacitor 

and then connect the clips to the properly identified terminals on the compressor/motor. 
I.e. , white to common terminal, black to the run termini., and red to the start terminal' 
(split phase or capacitor) 

After the wiring has been connected to the compressor/motor and the analyzer 
plug the unit into an out 3t, turn the off /on switch to the on position. 

Depress the pushbutton, holding it m until the motor has reached its running speed 
(2/3 to 3/4 rated rpm), then release the pushbutton. 

Using the motor start analyzer to start a capacitor start compressc- motor. 

FoUow all of the procedures as used for split phase start with one exception: 
remove the jack from split phase start plug and placA it into the capacitor start plug. 

Turn on either one or both of the capacitor toggle switches depending on the rating 
of the capacitor in the system. (There are two capacitors wired in paraUel, each is 
rated at 175 MFDs. ) 

Complete this operation by followmg steps 3 and 4 for split phase sta^t. 
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Using the analyzer to reverse the rotation of a compresscr/motor' 

I. If the compressor /motor does not start (split phase or capacitor start) even though 
both capacitors were used, proceed as follows: 

With both capacitor toggle switches in the on position, turn the off/on switch to 
the on position. 

Hold the start switch in the on position and move the rocker switch handle. If the 
compressor/motor starts, release it and the start switch. 

CAUTIDN- Do not attempt this rocking operation more than five (5) times in a 
fifteen (15) second duration. 

SUMMARY 

The field d hermetic units inchides all types of \-efrigeration systems that use a 
hermetically sealed compressor and a capillary tube refrigerant control. These units 
include aich things as domestic refrigerators, home freeze. s, window air conditioners, 
water coolers, ice cream cabinets, frozen food boxes and beverage coolers. Of all 
these units, the domestic refrigerator is the best known and tha most widely used. 
The service and maintenance of hermetic units differ from normal systems the following 
ways: 

Normally hermetic units wUl not have service valves. Therefore, to service these 
units, it is necessary to use a line-tap-valve, or access valve to connect the manifold 
gage assembly to the system. 

All capillary tube systems require a very critical charge. All the liquid in the 
high side migrates to the low side (through the capillary tube) during the alt cycle. IT 
the system Is overcharged, liquid refrigerant will be puUed into the compressor at the 
beginning of the next cycle. 

Since all hermetic units are critically charge, even very small leaks cannot be 
tolerated. A leak of two ounces from a system that only holds eighteen ounces will 
effect the systeni operation. Therefore, the leak testing procedures on hermetic 
units must be very thorough and <»xacting. 

Open type motors do not use starting relays. Any work you do concerning starting 
relays will be done on hermetic units. 

n a motor in a hermetic unit burns out, it will contaminate the complete refrigera- 
tion system. Cleanup after burnout is another service procedure that is peculiar to 
hermetic units. 

By maintaining good workmanship practices and paying very close attention to 
details, the servicing of hermetic units is no more of a problem than any other refrig- 
eration system. 
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QUESTK}N 

1. Explain two specific characteriatics ol hermetic systems. 

2. Name five units that are usually buUt 33 hermetic systems. 

3. Where is a domestic refrigerator normally used? 

4. List and explain the jxirpose at the three temperature areas in a domestic 
refrigerator. 

5. Define insulation. 

6. Name two types of insulation materials that are used on domes^i. refrigerators. 

7. What precaution should be taken when working with Flberglas ? 

8. List three advantages of using foamed plastic as an insulating material. 

9. What IS the purpose of a vapor barrier? 

10. What IS the purpose of the breaker strips? 

11. What material is usually used to make breaker strips? 

12. Explain the precauUons to be taken when removing and replacing breaker strips. 

13. Give the location and explain the purpose of a muUion heater. 

14. Explain the construction features of a mullion heater. 

15. Name four major components ai a refrigeration system used in domestic 
refrigerators. 



16. What la the most important advantage of hermetic compressors 

17. List three additional advantages of hermetic compressors. 

18. List two disadvantages of hermetic compressors. 

19. List three classifications of hermetic compressors. 

20. List two types of hermetic compressors. 

21. List two shaft mounting positions. 

22. List three shaft designs. 

23. What type compressors use the scotch voke? 

24. List three methods of lubrication of hermetic compressors. 
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25. Liflt three methods of cooling the motor in hermetic compressors. 

26. Explain why the motor in a hermetic compressor must operate in a low ambient 
temperature area. 

27. Explain the principle d operation of the antislugging system, 

28. List two types of condensers used on domestic boxes. 

29. Explain the fxirpose of the oU cooler circuit on a domestic refrigerator. 

30. What metal is usually used to maia condensers? 

31. List two types of evaporators used on domestic refrigerators, 

32. What metal Is usually used to make evaporators? 

33. What type refrigerant controls are normally used on domestic refrigerators? 

34. List and explain the two reasons for soldering the capUlary tube to the suction 
line. 

35. List the three malfunctions of thermostats. 

36. Explain the symptoms of the three malfunctions listed in Question 35. 

37. Name the two substances used to make door gaskets. 

38. What is the purpose of the door gasket'^ 

39. What is the most important factor to consider when installing a domestic 
refrigerator ? 

40. What three things concerning electrical power should you check before installing 
any electrical appliance? 

41. List three methods of maintaining the required temperatures in low temperature 
boxes. 

42. Which lAethod (from Question 41) is used on "no-frost" refrigerators'^ 

43. Explain the operation of a "defrost cycle" thermostat. 

44. Name the two defrost systems used on domestic refrigerators. 

45. List and explain the two advantages of the hot gas defrost system. 

46. List and explain two disadvantages of the hot gas defrost system. 

47. List three malfunctions of a hot gas defrost system. 

48. List the symptoms of each of the malfunctions listed in Question 47. 
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9. Liat three advantages of the electrical defrost system. 

50. List one disadvantage ot the electrical defrost system. 

51. List and explrin three malfuncaons of electrical defrost systems. 

52. List three symptoms of a restricted or stopped up capillary tube. 

53. List, in sequence, the three locations where you should check for a stopped-uo 
capillary tube. ^ 

54. Explain the procedures for cutting a capillary tube. 

55. Explain the procedures for installing a capillary tube in a piece of 1/4-lnch coooer 
tubmg. 

56. Name two things you need to know about a hermetic unit to be able to order a 
capillary tube. 

57. What IS the ];xirpose of a process tube in a hermetic system? 

58. What type of access valves are avaUable for use on hermetic systems? 

59. After one hour of use, the electronic leak detector must be turned off and allowed 
to cool for how long*? 

60. Name the methods of charging hermetic units. 

61. List three types of starting relays. 

62. Give one advantage and one disadvantage of current type relays. 

63. Where are current relays normally used? 

64. What is the advantage of the potentia.1 relay'? 

65. Where are potential relays norinally used*? 

66. Where are hot wire relays normally used*? 

67. Find the common, start, and run terminals with the following ohmmeter readings 

a. I to 2 = 4 ohms b. I to 2 = 18 ohms 

1 to 3 = 16 ohms I to 3 = 6 ohms 

2 to 3 = 12 ohms 2 to 3 = 24 ohms 

68. Draw a schematic of a thermal overload. 

69. In what lead is the thermal overload always located 

70. List the color code for the three leads on a starter cord. 
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Sheppard AFB, Texaa 21 January 1975 

FAMILIARIZATEN AND OPERATION 
OF DOMESTIC REFRIGERATORS 

OBJECTIVE To 

Lcxrate and identify the niajor coniponenta erf a domestic refrigerator 

Visually inspect a donaestic refrigerator to determine its serviceabUity, 

Operate a domestic refrigerator and viaually inspect it to determine its operatine 
condition. 



Go to the refrigerator assigned you and locate each of the following components 
Fill out the blanks as required. 

a. Freezer Evaporator 

(I) Type 



(2) Material 



Fresh Food Evaporator 
(I) Type 



(2) Material 



(3) How do the freezer r-d fresh food evaporators differ'? 



c. Breaker Strips 

(1) Purpose 

(2) Materul 

d. Door Gasket 

(L) Type 

(2) Material 

(3) What holds the door closed? 



1 

2 Si 



e. OU Cooler 
Purpose 



F. Condenser 
(I) Type 



(2) Material 



g. CapUlary Tube 

Give the exact location of the capUlary tube. 



Thermostat 

Location of the thermal bulb 
i. Filter-Drier 



Give the exact location of the fUter-drler. 



]. Compressor. Type s\2s 
Ic Drain trough 

Give the exact location of the drain trough. 



Drain line 

The drain iinr runs from the :o the 



Drain tray 



Vhat Happens to cne -vaier :nac drains into the drain tray 



ChecK the following :ina -cte any defects :juna- 
1 -or hinge 



yucside sheu 



c. Inside shell 

d. Sheivini? 



e. Vegetable travs 
i. Door s^asket 
The unit should operate ?n 
Relrigerant to be . - .q ^ :his oox 
Turn the thermostat off. 
Plug in the refrigerator. 



volts. 



15 



Does the cabinet light worK'^ 



Depress the door switch. Does the I 



ight go out when the door switch is depressed? 



9. Turn the thermosut to the n idrange. 

10, Did the compressor start 



:es 



'I- Place a thermometer m th. rreeze compartment 
-.2. Allow the unit to operate aocxic I hour 



No 



reaamg 



and checK the temperature. Temperature 



-3. The evaporator pressure .s 
Feei the suction Ime .c s 
-5. Feei the discnarj^e .ne - ^ 



■eei *hp r-naenser Vh;ci .s 



e lottest - .^le :op or cot:cm^ Sxois 



in. 



noiu^ :ne /e- n^er r.c 
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WB 3ABR54530.V-UP2 

TROUBLESHCXDTING ELECTRE DEFROST 

OBJECTIVE: This project will aid you in becoming familiar with the principles of 
operation d electric defrost system, malfunctions, and maintenance required. 

1. With the aid of the Electrical Defrost Schematic (Figure 1), explain why the follow- 
ing conditions occur. 

a. Defrost heaters stay on too long 



b. The unit is defrosting, but the water will not drain 



c. List three malfunctions that would keep the unit from defroeting 

(1) ^ 

(2) 

(3) 

d. The meter reading at terminals 2 and 3 is applied voltage, but ^he compressor 
will not run 

e. The meter reading at terminals 4 and 8 is applied voltage, but the system 
will not defrost 

f. The meter reading at terminals I and 3 is applied voltage, but the timer is 
not running 

g. The meter reading at terminals 9 and 10 is applied voltage. The box temper- 
ature is 70° 

h. The resistance reading between terminals 14 and 16 is 8 ohms. The reading 
between terminals 15 and 16 is Infinity 



Checked by 

^ Instructor 

4 



DEFROST TIMER 



M 





95 




DEFROST 
LIMIT SW 



DEFROST HEATER 



DRAIN HEATER 



THE RMOSTAT 




MflHilBtm.r 



COMPRESSOR 
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Figure 1 , Electrical Defrcst 



INSTALLING ACAPILLAPV V. B ' 

OBJECTIVE: Thia project will give you practical experience m mstaliing a capillary 
tube in a piece ol copper tubing, and installing an access valve. 

1. Cut a 5-inch length of copper tubing and a piece of capillary mblng (from stock). 

NOTE' The capillary tubing should be cut with a file 

2. Ream and dress the copper tubing. 

o. Use a piece oi emery cloth and clean tne mslac tne luDuig Clean an area 1/2 
to 3/4 inch deep. 

4. Use a piece ol emery cloth and clean the outsiae of me capillary tube. Clean an 
area around the tube approximately I 1/2 to 2 inches back from the end. 

5. Insert the capillary tnbe in the copper tubing. 

NOTE: The capillary tube should oe mserteU in the copper tubing 1 1/2 inches. 

6. Explain why the capillary tube should be mserted so tar m tne copper tubing. 



7. Use a pair ci pliers and crimp the copper tubing securely around tne capillary 
tut)e. 

CAUTK)N: Make sure you do not kink or collapse the capillary tube. 

8. Apply fhix to tubing. 

9. Use an acetylene torch and silver solder the connection. 

a. Ls the capillary tube restricted*^ 

b. Was too much solder used*^ 

10. Install an access valve in the other end of the copper tubing. 
NOTE Be sure to remove valve core before soldering 

11. Crimp anc solder the end of tne capUlarv tube. 

12. After sufficient coolinr time, replace valve core. 

13. Connect a manifold gage assembly to the accesr va^^t and charge to 60 psi* 




14, Leak test ail connections, 

15, Were there any leaks'^ 

16, Remove access valve. 



Checked by 



Instructor 
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WB 3ABR54530-V.I-P4 

CHARGING A HERMETC UNIT 

OBJECTIVE: T^is project will give you practical experience in evacuating and charg- 
ing a hermetic unit, and leak testing a hermetic unit. 

L Connect the manifold gage assembly to the access valves. 

NOTE: Make sure you use the correct type charging lines. 

2. Charge the system to 60 psi. 

3. Leak test the system. 

4. If there are no leaks, purge the refrigerant to the atmosphere. 
NOTE: Make sure the work area is well ventilated. 

5. Evacuate the system to a 29-inch vacuum. 

6. Break the vacuum with refrif^erant and raise the pressure to 5 psL 

7. Purge the refrigerant to the atmorphere. 

8. Evacuate the system a 29- inch vacuum. 

9. Break the vacuum with 5 psi of refrigerant 

10. Evacuate and proceed with the charging. 

WEIGHTED METHOD OF CHARGING A DOMESTIC REFRIGERATOR 

1. Fill the charging station with refrigerant as required by data plate. 

2. Using the charging station, charge the unit 

NOTE: Allow refrigerant vapor into both the low and high sides. 

3. Check the unit after one hour's operation. 

a. Low side pressure^ 

b. High side pressure 

c. Condition of suction line 

d. Temperature at evaporator^ 

NOTE: Head pressure will usually run high until unit has time to puU down. Suc- 
tion pressure may be in a vacuum. 

2'^ J 
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4. Check unit after two hours operation, 
a. Low side pressu^^e 
I'. High side pressure 



c. Condition of suction line 

d. Temperature of evaporator 



Checked by 



Instructor 



DIRECT METHOD OF CHARGING A DOMESTIC REFRIGERATOR 
Open the low side manifold valve and rharcT<> nr^m 

approximately 5 psi. ^ ^ ^"^^'^^ pressure remains 

Close the manifold valve and check the pressure. 

charge. ^ '^"'^ "^^^ refrigerant ma> needed for correct 

After reaching the required pressures, allow the unit to operate. 
Check the unit as tollows and record ^he results, 
a. After one hour's operation. 
(1) Low side pressure 



(2) High side pressure 

(3) Condition of the suction line 



(4) Temperature of the evaporator 
b. After two hour's operation 
(I) Low side pressure 



(2) High side pressure 

(3) Condition of the suction line 



(4) Temperature of the evaporator 
A frosted suction line indicates 



Purge refrigerant from the refrigerator a litUe at a time. (This process is nor 
mally accomplished over a long period of time. ) Process is nor- 

9 




7. When the auction line no longer has frost or condensation on it, have the Instmctor 
check your wort 

8. Explain to the instructor how the air flows in the domestic refrigerator assigned 

to you. 

9. Explain to the instructor how the refrigerant flows through the system. 

Checked by 

Instructor 
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WIRING STARTING RELAY CIRCUITS 



OBJECTIVE. This project will aid you in becoming familiar with the principles of oper- 
ation of starting relays and give you practical experience tracing the current flow 
through starting relays. 

1. Study Che components in figures 2. 3, 4. 5. and 6. 

2. Start at the plug-in and complete the electrical circuit through each of the relays. 

3. Have the instructor check your diagram before going to trainer. 



Starting 
Capacitor I ^ J 



COnoEnSER fan 




COMPRESSOR TERmjnals 



PLUG IN CORO 



Current relay 



C mO _« I t 



Figure 2 . Current Relay 

After the instructor checks your diagram, go to the current relay trainer and 
wire the trainer. Have the instructor check the wiring before power is turned on. 
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COMPRCSSOR 
WINDINGS 




Figure 3 . Current Relay (Spencer) 




^0= 

PLUC'IN CORO 

Figure 4. Hot Wire Relay 
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Thermal Relay 

29G 



C03 00° 
TNCRMOSTAI FRttZCSTAT 

COhdenScr fan 




COMPRESSOR WINDINGS 



After the Instructor checks your drawing, go to the potential relay trainer and wire it. 
Have the Instructor check the wiring Ijefore turning power on. 



Figure 8. Potential Relay 
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Procedure. Accomplish all preoperational checks listed below prior to operation of 

the trainer and observe the listed procedures closely during all operations. 

PREOPERATIONAL CHECK. 

1. Remove all jewelry prior to working on trainers. 

2. Powerline should be unplugged. 

3. Master switch must be in the OFF position. 

4. Place all trouble switches in the ON position. 

5. Check for frayed or loose wiring. 

6. Discard leads that are not properly insulated. 

7. Check refrigerant Cubing for evidence of leaks. 

8. Check fan for freedom of rotation, 
OPERATKDNAL SAFETY CHECK: 

1. Using diagram in figures 2. 3, 4, 5, or 6, wire the relay. 

2. Leads should be installed securely. 

3. Have the mstructor check the wiring before power is turned on. 

4. Make corrections as required. 

5. Plug m power cord and turn on master switch. 

6. Observe panel light for power mdication. 

7. Dojiot remove leads while unit is running. 
POSTOPERATIVE CHECK 

1. Shut master switch OFF. 

2. Unplug powercord. 

3. Remove leads and place in storage drawer. 

4. Have the instructor check your wort 

Checked by 



Instructor 



15 



ERLC 



29S 



WB 3ABRM530.V-l-Pfl 

DETERMINING TERMINAL ARRANGEMENT 

OBJECTIVE: Toum the multimeter to determine the reeietance of the winding! In a 
hermetic compreMor; checic compreMor for opens and grounds; determine the run, 
start and common terminals; trace refrigerant and airflow through a two temperature 
refrigerator; and troubleshoot the electrical defrost system. 

1. Obtain a multimeter from the tool cabinet. 

2. Select a hermetic compressor as directed by the instructor. 

3. Set up and checic the multimeter to read resistance. 

4. Draw a picture ct the terminal arrangement. 

5. Check the winding for opens 

a. What dkl the meter read? 

b. What does this reading mean? 

6. Check the windings for grounds. 

a. What did the meter read? ^ 

b. What does this reading mean? 

7. Number the terminals in your drawing U 2, and 3. 

8. Use the multimeter and take reading across each set of terminals. Record the 
reading in the spaces provided below: 

a. I and 2 » 

b. I and 3 « 

c. 2 and 3 » 

9. The highest readlx\g is the ^and terminals. 

10. The lowest readings are the and terminals. 

11. The middle reading is the and terminals. 

12. Why must the middle and lowest readings equal the highest reading'' 



2 n 
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13. Label the terminals in your drawing R, S, and C, representing run, start, and 
common. 

Checked by 



Instructor 



17 



30n 



WB 3ABRM530-V-I.P7 

TROUBLESHOOTING HERMETX; UNITS 

OBJECTIVE: This project wUl give you practical experience checking and trouble- 
shooting starting relay». 

INTRODUCTBN: Normaily you will use a motor start- analyser to troubleshoot start- 
ing relays. Howeyer, if a motor start- analyzer Is not available it will be necessary 

to use other types ci testing equipment. 

CHECKING A STARTING RELAY (Using a phig-in cord and jumper wire). 

Condition: Compressor will not start The switch is on and electricity Is available 
at the starting relay. 

Possible Troubles: 

1. Stai 'ing relay faulty. 

2. Compressor burned out. 
Checking Procedures: 

1. Remove the electrical connectors ai the compressor terminals. 

2. E>etermine the common, run and start terminals. {Use WB 3ABR545S0*V-UP4. ) 

3. Connect the phig-in cord to the "common** and "run" terminals. 

4. Plug in the cord. 

5. Momentarily place a Jumper wire between the "nin" and "start" terminals. Mate 
sure the jumper wire is insulated. 

CAUTCN: The Jumper wire must not be left in place more than one second. 

6. Did the compressor start 

7. What would happen if you placed the Jumper wire between the "common" and "run" 
terminals ? 



8. Place a clamp-on voltammeter around one ai the electrical conductors. 

9. What is the amperage draw? 

10. What is the amperage draw on the data plate? 
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U. An excessive amperage draw will indicate- 
a. 

b. 

c . 



12. The following conditions can be determined from the information Rained in the 



above tests 
a. 

b. 

c. 



13. Unplug and remove the plug. in cord. 

14. Replace the electrical connection on the compressor terminals. 

15. Have the uistructor check your work. 

Checked by 



Instructor 

CHECKING A STARTING RELAY (Using a pushbutton starter cord. ) 

NOTE All refrigeration specialists should have a pushbutton starter cord It is 
much handier and less dangerous than using a plug-in cord and jumper wire. 

Conditions and Possible Troubles* 

The same as with the plug-in cord and jumper wire. 

Checking Procedures- 



1. 



Remove the starting relay. 

Connect the terminals of the starting cord to the compressor, 
a. -Red" lead to the 



b. 'Black'* lead to the 



terminal, 
terminal. 



c. -White" lead to the tertnmal. 

Plug in the sUrting cord. 
Push the pushbutton. 
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Did Che compressor start? 
This Indicates the relay Is 



Draw a schematic ot a compressor and pushbutton starter cord. Label the com- 
pressor windings, terminals, electrical leads, and starting switch. 

Use the clamp-on volUmmeter and check the voltage drop between the unit and 
ground. 



What is the purpose of Step 8? 



Unplug ti)e starting cord. 

Replace the starting relay. 

Replace all your tools and equipment. 

Checked by 



Instructor 



3 '? 1 
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WB 3ABR54530-V.I-P8 

USING MOTOR START ANALYZER 

OBJECTIVE This project will give you practical experience using the motor start 
analyzer to check die motor windings for continuity, check for a grounded winding in a 
hermetically sealed unit, and start hermetically sealed units. 

FAMILIARIZATION WITH ANALYZER 

1 Locate each of the following parts of the analyzer- 

a. Hermetic unit terminal color chart. 

b Test lamp for checking continuity. 

c. Pushtxitton for applying power to the analyzer. 

d. Rocker switch for reversing the motor. 

e. Bank of capacitors and switches. 

f. Three clips for connection to a sealed unit. 

g. Plug for connection to an electrical outlet. 

2. Go to the hermetically sealed unit assigned you and complete the following tests. 
TEST MOTOR WINDINGS FOR CONTINUITY 

1 Insert any two (2) of the plugs in jacks Number 2 and 3 on motor-start analyzer 

2. Connect the analyzer to a source of electrical power. 

NOTE To check power to the motor start analyzer, turn power switch on and 
depress pushtxitton switch. If power is available, the test lamp on the analyzer 
will light. ^ 

3. Remove wiring from the refrigeration unit. Refer to color chart and locate the 
"sUrt, ■• "run, " and 'common " termmals. (Use bench compressors. ) 

Place one test clip on the common" terminal. Touch the other clip to the 'starf 
terminal, if the test lamp on the analyzer lights, the starting winding is good. 

Repeat the above test using rhe ' common" terminal a«ain and touching the second 
lead to the "run" terminal. 

The above tests indicated 



4. 
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TEST FOR GROUNDED WINDINGS 

1. Set up motor start analyzer by inMrtlns any two ptugs into jacks Number 2 and 3. 

2. Clip one lead to the motor -compressor case. Make sure it is making good contact. 

3. Tum^power switch ON. 

4. rake the other clip and touch the "run/' ''start," and "common" terminals succes- 
sively. If the lamp does not light, the windings are not grounded to the motor- 
compressor case. 

The above test indicated that the winding(8) 



START THE UNIT WITH THE ANALYZER 

1. Plug the analyzer into a power source and press the pushbutton. The lamp should 

light giving an indication of power. 

2. Disconnect all leads from the refrigeration unit 

3. Connect the clips to terminals corresponding in color to the leads. 

4. Refer to the color chart and insert the phage into the analyter in accordance with 
the color chart. 

5. Remember, when you are starting the unit with the analyser you are bypassing 
the starting relay, and with capacitor start motors, you must use the capacitor in 
the motor start analyzer. 

6. Turn power switch ON, then press the pushbutton and release it Diis is taking 
the place e starting relay and must not be held down too long. 

7. Did the unit start? not, why? 



REVERSING THE MOTOR TO BREAK LOOSE A STUCK COMPRESSOR 

CAUTBN: DO NOT PERFORM THE FOLLOWING TEST UNLESS THE COMPRES- 
SOR IS STUCK! 

I. Place the three color-coded test cord phigs in the jacks according to the color chart. 



2. Place the start winding test lead into the ''cap-start*' Jack, 



Place both capacitor switches in ON position. 
Turn power switch ON. 

Hold the FRishUitton down and at the same time operate the handle of the rocker 
switch. 

NOTE, The roclung operation should not exceed five times in fifteen seconds. 

When the motor rotor breaks free release the rocker-switch handle first and then 
release the pushbutton. 

Have the instructor check your work. 

Checked by 

Instructor 

Clean up the area and replace all tools. 
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COMMERCIAL UNITS 



OBJECTIVE 



To help you in learning the purpose, principle of operation, servicing, maintenance, 
and troubleshooting of various types of commercial refrigeration units. 

INTRODUCTION 

The refrigeration field is divided into three major areas* domestic, industrial, 
and commercial. There is no clear-cut dividing line between any of these areas. A 
unit that would normally be classified in one area may be used in either of the other 
two areas. 



T'TAJOR AREAS IN REFRIGERATION FIELD 



Domestic 



This area is made up of units that use low-starting torque compressors and capil- 
lary tube refrigerant controls. They are normally used in the home. In the past, a 
refngerator was considered domestic if it was 16 cubic feet or smaller in size. Any 
refrigerator larger than 16 cubic feet was classed as a commercial unit. This is no 
longer true. Some manufacturers are producing domestic cold storage-refrigerator 
boxes with a total volume ot more than 16 cuoic feet. 

Industrial Units 

These units are used in factories and for equipment cooling. They are verv large, 
normallv requinni: at least one attendant. These units are used in the follon'ing appli- 
cations 



Ice manufacture 
Skating rinks 
Equipment cooling 

Commerc lal 



Refrigerated w?rehouses 
Food freezing 

Precooling vegetables and milk 



The commercial area is made up of units used in businesses. These systems nor- 
mally use high-starting torque compressors and normally thermostatic expansion 
valves. Commercial units include- 



Cold storage boxes 
Reach- in boxes 
V*alk-in refrigerators 
Soda fountains 
Water coolers 



Florist cabinets 
Display cases 
Ice cream cabinets 
Beverage coolers 
Ice makers 



This supersedes SG3 ABR54530-V-2 and WB 3 ABR54530- V-2-P1 thru P7, 15 October 1973 
Copies of the superseded publication may be used until the supply is exhausted. 
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The Air Force utilizes industrial uruts m the following applications: 
Ice plants (overseas only) 
Refrigerated warehouses 
Photography 
Blood processing 

WALK-IN BOXES. These refrigerators are used in mess halls, food stores and 

commissaries to store perishable products. 5>iores. and 

n..J^^'^ '>"P^^ °^ boxes: the built-in and sectional. The buUt-in is 

rpieces'tor: " " T^'"^"^"' °^ - b-l^-g. The sectional ,s manuflctur d 
When nLp« ^"^"^^l^d °" -^"y site and operated It may be disassembled and moved 
When necessary These sections (see figure 1) are usually handled bv two men and 
small enough to pass through a normal sized door 



Figure 1 Sectional Walk -in Refrigerator 



Insulation is used to 
Retard heat flow. 

Prevent water condensation on cold pipes, ducts, and surfaces 
Reduce temperature fluctuation within the refrigerated space 
Stop water vapor transmission. 
Reflect heat and light. 
Provide Joundproofinj?. 
Provide a fire harrier. 

possess as man> of the following characteristics as possible: 

that w^lT rrr' ^^^^^^-^ ^ ^he -K- factor is the amount of heat 

that will pass through 1 square foot of insulating material 1-inch thick in 1 hour with 
a temperature difference of 1° Fahrenheit. It becomes very obvl t^t the To^^r 
the K factor is. the less heat that will flow through the material. 

The -K- factor vanes with different materials. An example of this would be 
yellow pine. 1 Btu will travel through 1 square foot of yellow pine in hour wit^ a 
temperature difference of 1°F. The 'K" factor of yellow pine Ling 1. 

S ettling of Insulation . Some insulation materials can settle enough to make a 

peTod°'Th7r;'fn?/T'' 'V °^ refneerator in a four- or five year 

period. Therefore, loose-tvpe materials should not be used in vertical walls'. 

Moisture Resistance. When insulating materials get wet heat flows through into 
the refrigerated space freelv. Moisture causes some materials to swell. This 

f^eezes'm th^^^f , ^.'"""^ °' otherwise damage a wall. U the moisture 

ireezes in the insulation expanding ice crystals may damage the walls. 

Low Specific WeiK ht. The lighter an insulation is the more desirable it is if it 
possesses the other qualities. 

.n^ p'^'"'!"."^^'^'^"'^ - ^'^^'^ ^"^^^1 ^"^'"^Is termites can damage 

some insulating materials beyond repair. udumgc 
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Fire Resistance. Materials used as insulation should not be easily burned. 

Ma i or Types of Insulating Materials . Construction materials, such as wood, brick 
and building blocks, are not considered insulating materials. However many walk -in 
boxes are constructed of wood. Therefore, both the inside and outside wall must be 
considered when fnfurin*? heat transfer rate. 

Rociovool. Rockwool comes in either batts or bags. Batts are usually made by en- 
InZH^ t!' °k (1 '° ^ '"'^hes thick) within an asphalt -impregnated kraft paper 

envelope This batt is then stapled between the studs in the wall . Normally rockwool 
IS used for air conditioning only 

Fibe££las. Fiberglas is used in air conditioning as well as all tvpes of refrigeration 
J 7 '^'""'^ Fiberglas is used in air conditioning while a high density ma- 
terial is used in low temperature refrigeration units. 

Plastic foam . This is the lightest and best insulating material in use todav It is 
made of various densities for a variety of applications. It is also more expensive than 
Fiberglas but less is needed to do the same job. Plastic foam is available m board form 
or It may be poured and foamed m place. One disadvantage of plastic foam is it will 
burn Therefore, it cannot be used as a fire barrier 

Reflective Insulation. Heat can be reflected the same way as light to provide what 
IS called a reflective barrier. By placing a bright shiny surface between the structural 
wall and the insulation, much heat that would normally enter the room is reflected out 
When the reflective barrier is used as a vapor barrier it must be installed toward the " 
surface that has the highest '.ater vapor pressure. Normally, aluminum foil is used as 
a reflective insulation Bright, shiny plastics are also used. 

Vapor Barrier. Water vapor is low pressured steam in the air. and it has a speci- 
fic pressure. In accord with its temperature this pressure acts as air pressure The 
high vapor pressure outside where it is hot will always try to enter an area that is cold 
because the vapor pressure is lower. Materials used to slow vapor transmission include 
papeV"" asphalt, moistureproof paints, and asphalt impregnated 

REFRIGERATION SYSTEMS. Most commercial refrigeration systems of 3 hp or 
more have condensing units which use a semihermetic or open type compressor The 
condensing unit may be remotely installed, of the plug-m t^e, ^r self -c'ont" ned. 

Atten^'S^^rirTr" compressors are reciprocating type and some have oil pumps. 

AUent.on must be given to the direction of compressor rotation as some oil pumps only 
pump oil m one direction. umy 

Condensers . The three types of condensers used are forced convection (air) 
ev^orative cooled (water and air), and water cooled (water). The forced convecUon 
tint f^TT.u ' '"^ '"^^ "^'^ * evaporative condenser has a sump 

^ ' ^ P""'^ '° circulate the water, and a fan to move the air. 

When he head pressure is Iom the fan should be cycled off. Never cycle the water 
pump to control the head pressure. A water-cooled condenser on this type appUcation 

6.^^ UZl" I ^'"^ ^"^^ circulated through tT^he con- 

denser and to the drain (water is not reused). The head pressure is controlled by a 
water regulating valve. This valve should be installed m the water inlet line 

' 3n 
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POWER SUPPLY 
230V 3PHASE 



CONTROL 





CONO FAN 



3 PHASE MOTOR 



Figure 2. Three -Phase Motor Starter 
5 
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syste^^n^i^i "''f„Ve''Tr'''' > T. E. V. Some ,„ail 

motor pro.«Uo„ btcilYe ^ ,^t>l M"^ ^- <"'- 

valve. It a liquid ch\ree ^W. J^.^ ? ' P"""" 8° ^ve the MOP o( the 

should be i^tautl (s« „.?a If w ' 1» '^^l. a »oleno,d viive 

evaporator" thfo f cvcl^ t^t 'l,^",^"'"" ""'8"^' '-'^ m.srat.ug .0 the 
>o Jecrease the pressure droo^l^f^^" ".^ "^"i 0" 'l-e outlet of the valve 

Place, ^altlh. o^„e lar^e' tl^^Z r^Tr^r^oL^.^XriitSr:. " 

The is^atur^rrve'cr^trc-cXn^LTr^'^K-^trtZ'-'T^ "-r 

convection or forced convection. ^ne air. Fin and tube coils can be natural 

a^ "ir^Zt.'l^^lZ.o"^^^^^^^ 7 relay, ^,«„U, 

Starter (line starter) must be uiiad WiV^^^/.^ , 3-phaae motors a motor 
motor, an open in one oHhe o^fr J °^ * °" * three-phaae 

burn m ^ " °^ ''^^ P°*" leg" would cause the motor to single-phase and 



or lorirconrt^ed^fo^^T^T; » t^e nT^ '° \}' 

closed the motor would tin Tn^Tl- :°- ("°'"'"*lly oP^n) contacts vere 

must be energized ThisTs aLo^ol ^TJ '^'^ ^^-^^r 

N.C. (normafly closilTcontits rthe I through the two 

other side of the coil eoesThff.ur.h- '° ^''^^ °f '^'^ "'I- The 
motor contro close he co^ -11^^^^^^^^^ 

o"i:npr^Vi.i^~SH^^ 
r^^hrre^tTrsT—fcri^^^^^ 

^rv. uae me neaiers are sized for the compressor motor only. 

som^cIUfim^^ ^" ^ * insulating material which is an advantage in 

peTai^To^ihrccl^itiredTpace^i;^^^^^^^ ^'-^ 

ator is necessary. ' ^"^^ method for defrosting the e vapor- 

:p"pratir;'e,':rre-ha[rorai's dr«.";;,.'rs:a'i5^"- 

a.d '.ra^vt'igr"' """""" ""'^ '"^ ""'^ 
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necessary piping, 



Water Defrost System. Figure 3 illustrates the water defrost systeai. 
aient includes a spra\ header, arain pan. two-way valve, 
cases, warm water tank and pump. When 
the valve is in the normal position no water can 
can go to the spra\ chamber but any water 
in the pipes can flow to the drain. This pre- 
vents the freezing of water in the spray cham- 
ber or pipes. B\ placing the valve in the 
detrost position^ water is allowed to flow to 
the sprav chamber. The water then flows 
down over the evaporator melting the ice. 
After the defrost is completed the valve 
IS returned to the normal position. It is nec- 
essary that the compressor and evaporator fan 
De turned off during the defrost period. 



The equip- 
and in some 



'AO AAt VAk.VC 



Figure 3. Water Defrost System 



We have used a manual system to ex- 
plain the operation of the water defrost 
s\stem. However, there are few manual 
defrost svstems in operation. Most defrost 
systems are automatic. A timer is usually 
incorporated in the system that turns the compressor and evaporator fan off. opens the 
defrost water valve and in some cases turns the water pump on. The water sprays over 
the evaporator for one to 15 minutes, depending on the adjustment. There is a one- to 
tive-minute driun off period after the water valve is closed and the pump turned off be- 
fore the compressor and evaporator fan are turned on. This prevents water freezing 
or being blown over the stored product. After the drain peruxi the timer returns the 
S'. stem to normal operation. 




SOLENO'C VALVE 
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FiiTure 4, Simple Hot Gas Delrost System 



Hot Gas Defrost S\stem. A simple hot 
gas defrost system is illustrated in figure 4. 
The s\stein has a bypass line containing a 
solenoid valve installed between the hot gas 
line and the evaporator. A timer turns the 
compressor off and opens the hot gas sole- 
noid valve. The hot gas in the condenser 
flows to the evaporator and melts the frost. 
This system works very well as long as 
there is enough hot gas in the condenser to 
complete the defrost. If the condensing unit 
operates m a low ambient temperature area 
there may not be enough hot gas to completely 
defrost each cycle. In this case the evapora- 
tor will freeze up and have to be manually 
defrosted. 



Electrical Defrost System, An electrical defrost s\stem has some advantages ;nd 
disadvantages that the hot gas system does not have. 
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1. Advanta^jes: 

a. Pr-.>vi-Jes a positive means of defrosting 

b. Is Simple to understand and troubleshoat 

2. Disadvancages. 

The main disadvantage is the cost. On small units, 2 hp or less the cost is 
not excessive. However, on Urger systems, 10 hp or more, it is usually 
more economical to use some type of hot gas defrost. 

A typical electrical defrost consists of the following major components 

a. Finned forced convection evaporator 

b. Electrical heating element. The heating element is located in the 
evaporator or as near the refrigerant coil as possible. 

c. Defrost timer. 

d. Time delay in the fan circuit 

e. Elertrically heated drain pan ■ 

A typ»:al electrical defrost system is illustrated {n ligure 5. 

When the predetermined setting on the defrost ti;ner is reached the p>amp down 
solenoid valve in the liquid line will close and the unit will pump do-*m and cycle off by 
the low pressure motor control. At the same time, the timer setting is reached the 
evaporator fans will be turned off and the heating elements will b 2 turned on. When 
the eviiporator temperature reaches approximately aS^F, the defrost thermostat stops 
the flow of current to the heaters by energiying the reset solenoid which puts the unit 
back in normal operation. If the evaporator temperature has not reached 350F before 
the end of tbe defrost time .setting is reached, the timer wiU stop the current flow to 
the heaters and put the unit h:a:k in normal operation. When the unit returns to normal 
operation after a defrost cycle, the evaporator fans will not run immediately. The 
thermosUt in the fan circuit keeps the fans off until the evaporator reaches a prede- 
termined temperature. This allows the water time to drain off the evaporator into the 
drain pan. This also keeps the fan from blowing water mto the conditioned space. The 
hot hquid une may be soldered to the drain bne to keep the drain from freezing. 

DEFROST TIMERS. Three defrost timers used on commercial refrigerations 
systems are 

Time init iated -time terminated . This is the cheapest timer. It is often used on 
chillers to piarantee at least one complete defrost every 24 hours. Set the timer to 
turn the compressor off for a period of one hour when the box is not being used. The 
main disadvantage of this type timer is each defrost cycle must be the same length, 
regardless of the temperature of the evaporator. 
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FiLTure S. Walk-In ^'ree^e^ Electrical Svste 



Time initiated -temperature terminated . This timer can be used for all applications. 
Thev are usually set to defrost once each six to eight hours. Suppose the timer is set 
to defrost every six hours. At the end of six hours the timer will imtiate the defrost 
c>cle. If the box is under heavy usage and a lot of moist air has entered the box. there 
will be a thick sheet of ice on the evaporator. It may be necessary to apply electricity 
to the heaters for 12 to 15 minutes before all the ice is meUed. If the box is under very 
light usage there will be very httle ice formed on the evaporator. Applying heat for two 
to three minutes will be sufficient. This is an advantage. Enough heat is applied to 
complete the defrost but never overheat. 

Time imtiated-pressure termin ated. This timer is very similar to the time 
imtiated-temperature terminated defrost timer. The main difference is that this timer 
turns the defrost heaters off and puts the system bac.v in normal operation when the 
suction pressure reaches a predetermined point. This is accomplished by a beUows 
that senses an increa&e in suction pressure and reverses the position of the contacts 
in the timer. This defrost timer must not be usee with a hot gas defrost system. 
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TROUBLE ANALYSIS OF COMMERCL^L UNITS. Determining the cause of a mal- 
function in a refrigeration system is usually more difficuU than repairing it once the 
trouble is located. 



It IS important that a step^by-step procedure be utilized when troubleshooting a 
system, A remove and replace type procedure can result in a waste of time and may 
compound the trouble rather than correct it. 

You, as a refrigeration speciaUst, should listen to the user^s complaint. Some- 
times this will give a clue to the possible trouble. 

The mistake made by most refrigeration speciaUsts is in forming an opinion wlth^ 
out properly checking the equipment. The result is wasted man-hours and equipment. 

The following is a trouble analysis chart which may be an aid to you in finding 
possible troubles. 



TROUBLE ANALYSIS CHART 



1. Complaint: Compressor fails to ^ART 



Symptoms 


Probable Cause 


Recommended Action 


a. 


Electric circuit test 
shows no current on 
line side of motor 
starter 


Power failure 
Disconnect switch open 


Check for blown fuse or 
broken lead 

Determine why switch 
was open. If everything 
IS satisfactory, close 
switch 


b. 


Electric circuit test 
shows current on line 
side but not on motor 
side of fuse 


Fuse blown 


Replace fuse, check load 
on motor 


c. 


Full voltage at motor 
terminals but motor 
will not run 


Burned -out motor 


Replace motor 


d. 


Inoperative motor 
starter 


Burned -out holding coil 
or broken contacts 


Replace 


e. 


Compressor will not 
operate 


Frozen compressor due 
to locked or damaged 
mechanism 


Repair or replace 
compressor 
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f Svstem can be restored 
bv resetting oil pressure 
S2ifet\ switch, but will 
stop al'ter 1 to 2 minutes 
of operation 


Oil pressure safetv 
switch has cut out 


Check oil level, oil pres- 
sure, wirinc: and control 


\l Starter will not 
energize 


Overload contacts open 


Reset overload contacts 
and determine cause of 
failure 



2. Compressor loses oil 



a. Oil level too low 


Insufficient oil charge 


Add sufficient amount of 
proper compressor oil 


b. Oil level graduallv 
drops 


Faultv system desu^n 
causing oil to be 
trapped in the evapor- 
ator 


Install oil separator 




Oil not returning from 
oil separator 


Replace the oil separator 




Leak in the svstem 


Repair the leak and add 
proper amount of oil and 
refrigerant 



3 Connplaint Compressor is noisv 



a Compressor cuts out on 


Lack of oil 


Add oil 


oil pressure safetv 






switch 






b Con^pressor knocks 


Internal parts of com- 


Overhaul compressor 




pressor broken 





AbnormalU cold suction 
line Compressor 
knocks 



Liquid "flood back" 



Check and adjust super- 
heat 

Check for loose bulb on 
suction line 



Install heat exchanger 
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High head pressure. 
Water valve chatters 
or hammers 



Abnormally cold suction 
line. Suction pressure 
high. Compressor 
knocks 

Compressor jumps on 
base 



Dirty water regulating 
valve--too high water 
pressure or intermit- 
tent water pressure 

Expansion valve stuck 
open 



Compressor loose on 
base 



Clean water valve 

Install an air chamber 
ahead of the valve 

Repair or replace 
expansion valve 



Tic^hten compressor 
holddown bolts 



4. Complaint: Compressor "short cycles* 



a. Normal operation except 
too frequent stopping and 
starting 



Normal operation except 
too frequent stopping 
and starting on low- 
pressure control switch 

Suction pressure too low 
and moisture condensa- 
tion at the strainer 



Intermittent contacts in | Replace faulty control 
electrical control circuit 



Low pressure control 
differential set too close 



Low refrigerant change 



Clogged strainer 



Reset differential in 
accordance with proper 
job conditions 

Repair the leak and 
recharge the svstem 



Clean strainer 



5 Complaint- Compressor runs continuously 



Hii?h temperature m 
conditioned area 



Low temperature m 
conditioned area 

Bubbles in the sight 
glass 



Excessive load 



Thermostat faulty or 
out d adjustment 



Lack of refrigerant 



Restriction in the liquid 
line 

Excessive pressure 
drop in liquid line 



Liquid line picking up 
heat 
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Check the size of the 
load Check for adequate 
insu lation. 

Adjust or replace 
thermostat 

Repair leai< and charije 
the svstem 

Remove the restriction 



Increase the head pres- 
sure or install a larger 
liquid linp 

Check for the source of 
heat from such thini?s as 
steam lines space 
heaters steam tables, etc 





Compressor noisv or 
operaimi: at abnormally 
low dischari^e pressure 
or abnormally hi^h 
suction pressure 


Leakv valves in com- 
pressor 


Overhaul compressor 


6 Complaint Compressor runs continuously, conditioned 


space warm 


a 


Suction pressure low. 
head pressu re low 
^for an operatinir unit) 


Low refrii^erant charge 


v-.ncir<c Liie unii 


1) 


Suction pressure above 
normal head pressure 
below normal (for an 
operatinii s\stem) 


Compressor suction 
valves 


Repair compressor 


c 


L'nit uses a capillar\ 
tube and from a visual 
inspection appears to 
be operating? correctly 


High head pressure 
caused bv a dirtv 
condenser 


Clean condenser 



Complaint Discharge pressure too high 



a Excessively warm water 
leaving condenser 


Too little or too warm 
condenser water 


Provide adequate coohni? 
water, adjust water valve 




Load too lar^e for the 


Fierure the total heat load 




unit 


and use a larger unit 
if necessary 


Excessively cool water 
leavini: condenser 


Dirtv condenser 


C lean condenser 


c Exceptionalh hot 
condense r 


Air or noncondensable 
ijases in svste m 


Pu ri;e 




Overcharge of refrig- 
erant 


Remove excess refrigerant 




Dirtv air-cooled 
condenser 


Clean condenser 
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8. Complaint. Discharge pressure too low 



a. 


Excessively cold 
water leaving conden- 
ser 


Too much condenser 
water 


Adjust water -re^^lating 
valve 


b. 


Discharge pressure 
so low the unit will 
not operate satisfac- 
torily 


Air entering air-cooled 
condenser is too cold 


Move condensing unit 
to controlled atmosphere 


9. Complaint. Suction pressure too high 


a. 


Compressor runs con- 
tinuously 


Excessive load on 
evaporator 


Check for excessive use 
of box. poor insulation, 
or defective door seal 


b. 


Abnormally cold suction 
line. Liquid flooding 
back to compressor 


Overfeeding of expan- 
sion valve 

Expansion valve stuck 
open 


Regulate superheat set- 
ting of expansion valve* 
Check to see that remote 
bulb is properly attached 

to suction line 

Replace expansion valve 


c. 


Noisy compressor 


Broken suction valves 


Repair compressor 


10. Complaint Suction pressure too low 


a. 


Bubbles in sight glass 


Lack of refrigerant 


Repair leak and charge 
system 


b. 


Reduced flow of re- 
frigerant through 
expansion 


Clogged strainer in 
expansion valve 


Clean strainer 


c. 


Conditioned space too 
cold 


Thermostat faulty 


Adjust or replace 
thermostat 



WATER COOLERS. The purpose of the water cooler is to cool drmkmg water. It 
is sized according to the amount of water it will cool in one hour. Water coolers come 
m a variety of sizes and shapes. A typical water cooler is shown in figure 6. The 
cabinet is sheet metal with a steel frame and top. The condensing unit is located in 
the bottom half of the cabinet with the water cooling mechanism in the top half. The 
water cooling mechanism is usually insulated with corkboard, fiberglass, or plastic 
foam. One or more of the sheet metal side panels are removable for maintenance 
purposes. 
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Water coolerb are ui>ed m otfice buildinp^s, schools, mess halls, barracks, clubs, 
and other areas where people work or congregate. 

There are tw«) types oi water coolers* self-contained and remote cooled 

Sell -contained units are usually equipped with one bubbler and prrxluce about live gal- 
lons 01 45' waier per hour Thev usually use a hernieticali\ sealed compressor with an 
air-cooled condenser Alter normal installation and adjustment, these units will ^ive 
\ears of trouble-lree service However, periodic cleaning and regular preventive main- 
tenance should not be nei^lected 

Large i>el! -contained units as shown m figure 7 ma\ be equipped with two or more 
glass tillers and bubblers. These units are used in hospitals, mess halls, and caleterias 
Thev mav have a capacit\ of as much as 25 gallons of cooled water per hour 

Remott^ units have the water cooling mechanisms m one place or housing and the con- 
densing unit in anoihei These water coolers are normalh installed as a permanent fix- 
tuiH in areas where space is plentUul 

\^ater coolers are classilied as instantaneous or storage From an outward appear- 
ance these two units look alike The dillerence is in the methfxl of cooling the water In- 
stantaneous water coolers hold onlv a small amount ol water and depend on a large evap- 
orator surlace and rapid refrigeration to cool the water as it lo needed. This tvpe water 
-^Oijler chills uate- oni\ as it is being drawn from the cooler The refrigeration equip- 
nu'p.t must be large enough to cuol the water as it is bemi^ drawn irom the cooler These 
units are more expensive, due to the larger refrigeration equipment than the storai^e 
tvpe bu' the\ work n\i)VP s.uisfacronU in application? wherc^ ih^yp is a constant deivand 
! )i Ujnu pe, uxis ^^l tovc 




Storage tvpe water coolers chill and hold in reserve a small amount ol cold water 
This cold water mav be used even when the condensing unit is not operating Small stor^ 
age tvpe coolers have a capacity of about two gallons. When this cold water has been 
used, the umt must be allowed to operate for a short time before additional water is 
available As the cold water storage area is increased, the amount of cold water avail- 
able at any given time increases but the running time to cool this water also increases 

Major Components. All water coolers use approximately the same major compo- 
nents These components may be arranged differently, be a dilferent size or shape, but 
if vou know the components on one unit, you can figure them out on an\ svstem Follou - 
ing are typical units in a water cooler system: 

Condensing unit. Self-contained units usually use a small low-starting torque 
compressor and an air-cooled condenser, as in figure 7. The condensing unit is usualh 
mounted on the bottom part of the water cooler. 

Evaporator. The evaporator is usually a coil of copper tubing on either the in- 
side or outside of the water tank. 

Refrigerant Controls. Small water coolers use a capillary tube refrigerant con- 
trol The capillary tube is very economical and allows the use of a iow-starting torque 
rompressor. Larger tvpe water coolers use an automatic expansion valve. The auto- 
matic expansion valve maintains a set pressure in the evaporator. This elinunates the 
possibihtv of overloading the compressor when an excessive amount of warm water en- 
ters the water tank. 

Bubbler. The bubbler is the pressure -reducing valve that controls the flow of 
water to the user As a refrigeration and air-conditioning specialist, it will be \our lul 
to .\djust the bubbler. The water flow should be high enough for ease of drinking but no* 
high enough to splash on the floor or surrounding area. 

Thermostat. The motor is controlled by a thermostat that senses the tempera- 
ture of water^ The thermostat should be adjusted to maintain 50 water for office per- 
sonnel and 55 water for people performing manual labor. 

Freezestat. Some units are equipped with a saiety freezestat. If the thermo- 
stat fails, the freezestat will stop the unit when the water temperature reaches 33°F, 
This keeps the water from freezing m the tank and damaging the equipment. Exception- 
ally cold water at the bubbler indicates that the thermostat is faulty and that the unit is 
being cycled by the freezestat. 

Heat Exchanger. Most bubbler-type water coolers are equipped with water- 
to-water heat exchangers. These heat exchangers utilize the cooling effect of the 
waste water from the bubbler to precool the warm water entering the cooler, making 
it more efficient. 



.■*?■? 
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Figure 8. Drinking Water System 

Drinking Water Svstem. Figure 8 illustrates a tvpical drinking water svstem used 
in an office building. The water is cooled ir the evaporator and goes to an insulated 
cold water storage tank. On some applications you will find the evaporator installed in 
the cold water storage tank. These cold water storage tanks varv from 10 to 500i;allons 
or more according to the size of the buildiriR and the number of people accommodated A 
centrifugal pump continually circulates the cold water through the building. This guaran- 
tees a supplv of cold water at each txibbler all the time. The water that is not used re- 
turns to the evaporator to be recooled and start another cvcle Makeup water is added 
automatically as needed. 
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This tvpe of water s\stem is very satisfactory for use in office buildings, hospitals, 
schools, and anv other areas where a Urge number of people must be furnished cold 
drinking water. The temperature of the water should be about 50 degrees at the bubbler. 
The temperat\are of the water leaving the evaporator may have to be as low as 40 degrees 
to guarantee 50 degree water at the bubbler. 



REACH -IN BOXES This is one of the most widely used commercial refrigeration 
units. It IS used as a cold storage area and display fixture in snacicbars. commiasarieB, 
hospitals and mess hails. It is used in any application where there is a need for greater 
capacity than can be afforded by a domestic refrigerator 

Reach -ins that are used in commissaries to display food products for sale are equipped 
with glass windows. To reduce the heat loss, these windows have two or three panes of 
glass. Those used in dining hails and kitchens have solid doors because they are exposed 
to direct radiated heat from cooking equipment 



Reach-ins (figure 9)are made in a wide variety of capacities from 16 cubic feet to 
100 cubic feet or more. They are available in both self -contained units and with remote 
condensing units. 



The exterior of the box may be con- 
structed of aluminum or steeL The in- 
teriors are usually of enameled steel, 
aluminum or porcelain. The insulation 
IS usually three inches of fiberglass or 
Its equivalent. 

Reach-ins usually have a finned 
forced convection evaporator and maintain 
an above freezing temperature. How- 
ever, one manufacturer is producing a 
reach-in that maintains 0° for the display 
and sale of frozen foods. 

Due to the various locations, usage 
and product loads imposed on reach-ins, 
It IS impossible to accurately determine 
the correct condensing unit size without 
knowing these factors. Most self- 
contained units use about \ horsepower 
for each 15 cubic feet of refrigerated 
space. 




Fieure 9. Reach-In Box 



The requirements for cleaning, door adjustment, and location of reach-ins are 
the same as for domestic boxes. There must be an ample supply of ventilating air 
provided to remove the heat. 
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DISPLAY CASES. A variety of display cases are being manufactured for the display 
o meats, vegetables, ice cream, dairy products, candy, and trozen loods. Each type 
of unit has us own special design and arrangement. 

Display cases are classified as to open or closed type and whether it is single - or 
double -duty. 

Closed Tvpe. The closed type isee figure 10) utilizes a lame yjiass area to display 
the food products. This area is covered with two or more panes of glass. This presents 
a problem when transporting the umts at high altitudes. The area between the panes is 
tilled with very dry air to reduce sweating. At high altitudes the dry air between the panes 
has a higher pressure than the atmospheric pressure. This will cause the dry air to ex- 
pand and Crack the panes. 



Open T;pe The open-type display case 
;s utilized for easy self-service of meat, veg- 
etables frozen foods and dairy products 
They may be designed for service from one 
side only, as illustrated in figure U, or they 
may be the island type without the top for ser- 
vice from all four sides. The open-tvpe dis- 
play case may be visualized as a tank' or bin 
full of cold air. The cold air is heavier than 
the surrounding air so it stays in the bin in 
much the same way as the water stays in an 
open tank. 

Single -Duty Units In single -dutv umts, 
onl\ the top part of the case is refrigerated 
The bottom part is left open. This is the 
most economical umt to buy and operate. 

Double -Duty Umts. Both the top and bot- 
tom sections of these units are refriijerated 
The top section is u-.ed as display space and 
the bottom area is used as storage. These 
units cost a little more but the\ provide con- 
vement refrigerated storage without taking 
up additional floor space. 




Figure 10. Closed Display Case 
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Figure H. Open Type 

Perfect food preservation conditions cannot be maintained in a displav case if the 
condensing unit fails. The food should be transferred from the displaN case to a walk- 
in if the store is to fc»e closed over the weekend. 
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Troubleshooting Displav Cases Listed below are some ot the problems that you can 
expect to encounter with open-p.pe display cases. 

Product Temperatu!:! DispUv cases are nut designed to lower the product tem- 
perature The product must be at or below the correct storage temperature before bein- 
placed in the dispUv case, A complaint that the condensing umt on a frozen meat case ' 
runb all the time can olten mean that the box has just been iilled with a product that is at 
or near its thawing temperature 

Keeping Pr.xluc, within Load Lines This is a ver\ prevalent abuse of self- 
service displav cases. The person filling the base of the displav case pavs very little 
attention to the nil hnes and piles the box as lull as possible. There is very little that 
the retri-eration and air -conditioning specialist can do about this condition.' All vou can 
do IS t.j instruct the user nn the correct liUing procedures and hope tor the best " 

Droits. Ii \ou jet a complaint that includes high box temoerature excessive 
c.ul :rostin- and lon^ opei ating time, check the air vplocit\ around the unit Air move- 
) <.P,t m excess ol 20 ipir :s excessive. It may be necessary to either relocate the dis- 
pla\ case change the position of an outlet grille, or build a partition to divert the air 
a\va\ from the case 

Radiant Heat. The radiant heat from lights, heaters or windows wiP afiert 
the- product temperature as well as the operating time of the unit. The onlv remedy is 
the elimination ol the cause oi the radiant heat. 

ti't^ Store Hum i rtit.\ .. a store humidity in excess of 55 percent cannot be toler- 
ated \ou must maintain a relative humidity of less than 55 percent or else use closed - 
pe .1ispla\ cases. 

Improper Airflwn , The air must be free to How from the evaporator ara nd the 
product and return to the evap.^iator An\ restriction of the airllow will reduce the effi - 
cienc-. of the unit and increase ;he temperature of the product. 

Low Head Pressure , This condition is usualh caused b\ operating the condens- 
ing un.t in a low ambiem temperature area Several manutacturers produce controls 
desP.;ned to maintain the head pressure These controls usually operate on the principle 
01 flocxling the condenser with liquid relrigerant to reduce the effective condenser area 
These s\ stems are both -ompiex and costly It is much better to operate the condensing 
unit m an equipment room nhere the temperature can be maintained above 70°F. 

Oil Logg in g Oil loi,'gin' reduces the etficiency of the evaporator. If enough 
oil sta%s in the evaporat-.r the c -;mpressor may be damaged. Oil logging is more pre- 
valent m low-temperature R-22 svstems than in other t\pes. However, it can happen in 
am s^stem with am t\-pe o| .-rTi-erant Units equipped with an automatic defrost svstem 
'^^S ^^'""nT ^"^^^'^"^ 'ot"c:ing problems. The oil in the evaporator is heated to 

J7 to 40 F during the detrost c.cle This warm oil is easily pulled back to the com- 
pressor at the beginning of the ne.xt freezing cycle 

Poor Draimni;, The condensate water drains out by the force of gravity only 
Drains that are too small or one that does not have enough pitch will stop up. This stop- 
paiie IS usuallv caused b\ lint dirt and other tvpes of foreign matter If a drain con- 
tinues to give trouble replace it with a larger one or give it a little more pitch 
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Improper Defrost , Open -type low -temperature display cases will have three or four 
defrost cycles per day. Each defrost cycle must be complete. If any frost is Isft on the 
evaporator at the end of the defrost cycle. It will continue to build up until half or more 
of the evaporator is frozen solid. 

If you are having defrost problems, perform the following items in succession: 

Increase the length of the defrost cycle (time initiated, time -terminated defrost 
system). 

Increase the number of defrost cycles per 24 hours. 

Check the function of the termination thermostat (time -initiated, temperature - 
terminated systems). 





Figure 12- Ice Cream Cabinet 

ICE CREAM CABINET, One of t»^e moat widelv used refrigerated fixtures is the 
ice cream cabinet. Made for holding low temperatures, this fixture is used to store ice 
cream, sherbets, frozen foods, and any other product requiring a low temi>erature. 

Ice cream has a critical temperature. If the temperatuie is too high, the ice cream 
will melt and if the temperature is too low, the ice cream will crystallize and become 
unpalatable. Bulk ice cream has a serving temperature of abcxit 10° to 15^F. Ice cream 
at 5°F or less is too hard to be dipped easily. Most packaged ice creams can >e stored 
at 0° to F very satisfactorily. 
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Ice cream cabinets require a relatively large condensing unit and ample evaporator 
surface. Normailv plate-tvpe evaporators are used, see figure 12, but the oTesent 
time forced convection evaporators are becoming very popular. Some type aitom^l. 
de fr^t system must be used with this type of ev^or Jo^'^The elecrr!cTdef it sy^lm 
IS the most popular but some manufacturers use the hot gas system. 

™ZEN FOOD STORAGE BOXES. These boxes are often referred to as home 

Thei hn,^.''"" t"' '''' °^ ^" the home. 

These boxes may be either the chest or upright type. The chest type operates more 

economica^^ly and the temperature fluctuations are not as great as with the upright type. 
The upright -type box was developed so that a large box would not take up too much floor 
f£f" M ^"^f^"^ disadvantage of the upright box is that each time the door is opened 
the cold air spills out and is replaced with warm air. This not only causes the unuTo 
operate longer but also causes a large temperature fluctuation within the box. 

ice cle^m^cabineTs '^^^ defrost problems are the same as for 

INSTALLATION PROCEDURES FOR COMMERCIAL REFRIGERATION SYSTEMS 
When mstalling commercial refrigeration systems, the first problem to be solved is the 
location o he cabinet. It is only natural that you should place the cabinet in the most 
convenient location .or the customer. However,' you should also consider such factors as- 
the location of a drain for the condensate water, electrical supply for lights and defrost 

'^^.ulTT^u . "T'^^' °^ refrigerant lines. After determining the 

I'ocalion ot the cabinet, the next problem is to determine the location of the condensing 
umt The condensing unit should be placed as close to the cabinet as possible to reduce 

^VrlT. r ' ^T"" P'^'' condensing unit in an equipment room 

where the temperature can be maintained between 70^^ and lOQ-^F. If the condensing unit 
IS placed outdoors, the head pressure may (in cold weather) drop down so low that the 
umt will not operate. If the condensing umt is located above the evaporator it mav be 
necessary to use a dual suction riser to insure oil return when operating at partial loads. 

K ^ ^^^ff'eejation tubing comes in 50-foot rolls. This tubing is sealed and has been de- 
hydrated and cleaned for use in refrigeration systems. You should keep this tubing sealed 
as much as possible. It has always been considered that the main purpose of sealing the 
tubing was to keep out air and moisture. That is important, of course but it is also im- 
portant o keep foreign matter out of the system. A vacuum pump and a drier will elim.n- 
haveTr^ilw^^" ^"'^ but'^if-ydu get a foreign matter in the system, you 

The liquid line does not present any problem as to slants and position. However the 
suction line should always slant toward the compressor to aid oil return. For obvious 
reasons, the tubing should never be run near sources of heat such zs hot water or steam 
line, heaters, etc. The tubing must be supported enough to keep it from sagging It also 
must be protected from accidental damage. Small tubing (1, 4 to 3/8 inch) can be bent 
re atively easily by hand but large tubing requires a tube bender. Due to their lower cost 
soldered connections should be used instead of flared connections wherever possible. It ' 
IS good practice to use flared connections at the receiver outlet, drier, strainer expan- 
sion valve, and compressor service valves. 
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The installation of commercial refri^ration equipment should follow this sequence- 

1. Set the cabinet in its proper place. 

2. Locate and install the couaensmg unit. 

3. Run and install tht liquid and suction lines. 

4. Properly position the compressor service valves and the king valve. 

5. Pressurize and leak test the system. 

6. Evacuate the system. 

7. Fabricate or msUll a heat exchanger on the system i neered. 

8. Insulate the suction line. 

9. Connect all electrical wiring. 

WHILE THE UNIT IS BEING INSTALLED, ;^SK YOURSELF THESE QUESTKDNS: 

1. Does this job represent a professional appearance' 

2. Is there evidence of poor and shabby workmanship' 

3. Is there a possibility of the refrigerant or electrical lines vibrating, nibbing, 
or chafing^ ^* 

4. Are the service valves readily accessible? 

5. Can you see the sight glass easily? 

6. Can the dner fc>e replaced easily'? 

7. Can the condenser be cleaned easily? 

8. Is the airflow around the compressor motor, overload, or relay restricted 
in any way ^ 

9. How much work will be required to check the starting capacitor, overload and 
starting relay ? 

10. What will another refrigeraUon and air-conditioning specialist think of this job'? 
Perform the following preoperational checkB! 

1. Check the oil level. Normally, the new equipment conUins the correct amount 
of oil. However, it is always better to check and make sure. Use the manu- 
facturer's data to determine the correct oil level. If the manufacturer's data 
is not available, adjust the oil level to the center of the crankcase sight glass. 
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2. Remove the shipping bo ts. 

3. Check the belt tension. A "V" belt should operate as loose as possible, yet 
It must be tight enough to eliminate flopping and slippage. If the belt is too 
tight. It will overload the motor. 

4. Check motor alignment. If the motor and compressor are out ot alignment 
It will cause excessive belt wear and power consumption. 

5. Check all fans for freedom of rotation and oil the motor, if necessary. 

6. Check and make sure the refrigerant and electrical lines are not rubbing. 

7. Check the proper position of the compressor service valves and king valves. 

8. Make initial adjustments on the motor controls. 

9. Break the vacuum and charge the unit. 
Perform the following operational checks- 

1. Complete the charging of the system. 

2. Make final adjustments of the motor controls. 

3. Check for any vibrations or unusual noises while the unit is running. 

4. Observe all pressures and temperatures. 

5. Alter 30 rranutes operation, check oil level in compressor. 

6. CAUTION Do not adjust, clean, or lubricate parts that are in motion. These 
procedures do not have to be accomplished in this exact order. While Lhe 
vacuum pump IS operating, you can insulate the suction line. Also, the electrical 
wiring can be done at anvtime. 
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Adjust Motor Controls. At the present time, there are several manufacturers making 
motor controls. Each of these controls uses the same basic principles of operation If 
you understand the principles of operation and application of controls, vou can adjust anv 
control with very little difficulty. ' • 

Before adjusting any control, the first thing you should do is determine the average box 
temperature. The next thing to determine is the allowable range that is the difference be- 
tween the cutout and the cut-in. The range should be as small as possible without causing 
the condensing umt to short cycle. Normally, commercial units use a range of 10°. 

The next thing to determine is the TD of the evaporator. When we speak of TD of an 
evaporator, we are talking about the temperature difference between the boiling refriger- 
ant in the evaporator and the temperature of the air leaving the evaporator After deter- 
mining the average box temperature, range and evaporator TD. you can now make out a 
condition sheet. 



Assume the following conditions: 



Average box temperature 40° and differential 10°F 



Evaporator TD 10° 
Step 1. Make a condition chart as illustrated below. 





Box Temp 


Evap Temp 


Suction Pressure 


Cut -in 








Cutout 








Differential 









^ ?-,.o^^'"™"* " average box temperature is 40° with 

a range of 10 . the cut-in will be 5° above 40° and the cutout will be 5° below Therefore 
the cut-in is 4 5° and the cutout is 35°. Place these figures in the chart. 

Step 3. Subtract the cutout from the cut-in. This figure (10°) is the temperature 
differential. 



Step 4. Fill in the evaporator temperature block. With the compressor off and the 
evaporator fan runmng. at the cut-in. the evaporator and box temperature will be the 
same. Place the figure 4 5° in its proper place. 

Step 5. At cutout, the evaporator temperature will be 10° less than the box tempera- 
ture. We are using a 10 TD evaporator. Place the figure 25° in its proper box. 

Step 6. Use ycur temperature pressure relationship chart and look up the suction 
pressure for 45 and 25°. In this case, it is 41 . 6 and 24. 6 . Place these figures in their 
proper places. 

ICEMAKERS. Ice makers are self-conUined units that efficientlv produce clean, 
clear ice automatically. These machines consist of fwo sections: the icemaklng section 
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and the iiisulated bin section. Production is controlled automatically by the use of a bin 
thermostat. Icemakers produce ice in a variety of sizes and shapes. These pieces of 
ice may be classified as ice flakes, ice cubes, ice pellets, and ice pieces. Often the 
term ice cube, is applied to any piece of ice. regardless of ice size and shape. 

Cube-Type Icemaker, Ice cube makers are automatic self-contained units that 
provide a supph of clear ice cubes. These machines consist of two sections: The ice- 
making sections and the insulated bin section. The unit cycles continuously to keep the 
insulated bin full at all times. Production is controlled by the use of microrelays or 
thermostats in the bin. 

The icemaking section consists of four major systems. 

A hermetically -sealed refrigerant system that freezes the ice. 

An automatic water system. 

A harvesting system (hot water or hot gas) melts the ice from the surfact;. 
Necessary controls to sf^^t and stop each cycle. 

Since ice is a food product, it is highly important that the icemaking equipment be 
kept clean. The water tank should be drained and flushed and the entire system cleaned 
periodically. 

In areas where the water contains a high concentration of sobds, the ice may be- 
come cloudy and develop a bad taste. This condition is best ebminated by the use of 
water softeners and water -treating equipment. If this equipment is not available, a 
periodic blowdown (flushing the water pan) wall help. 

Flake Icemaker. This type of ice maker produces small flakes of clear ice, 
utilizing a continuous noncvcling process. There are three tvpes of flake ice makers- 
The Stationarv and Rotary Drum, and the Auger type. Flake machines will produce 
more ice because of the noncvcling process. 

Rotating Drum Icemaker. The icemaking evaporator drum consists of a stainless 
steel exterral cvlinder shrunk on an internal steel shell. The internal sheet contains 
continuous tapering, spiral passage for the refrigerant circuit. The exterior of the 
stainless steel cylinder is the ice-making surface. The evaporator drum is mounted in 
a horizontal position and ^s driven by a gear motor. 

The refrigerant passes through the hub of the drum and goes through an automatic 
expansion valve into the evaporator. Water is then sprayed on the outside of the evapo- 
rator (Drum). The refrigerant freezes water into thin sheets of ice. The drum rotates 
and a cutter assemblv scrapes the ice from the drum and directs it into the storage bin. 

The rotary hub seal (where the refrigerant enters the drum) may develop a leak 
and have to be replaced. 
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stationary Drum Ice-Flake Machine. The evaporator ifl sUtionarv and ia InaUlled 
in a vertical position. Water is sprayed on the evaporator and the refrigerant freezes 
It into thin sheets of ice. The cutter assembly routes around the drum, scrapes off 
the ice, and directs it into the storage biru The main advantage of this system is the 
elimination of the rotary hub seal. 

Auger-Type Ice-FUke Machine. This is a very simple type of ice maker. The ice- 
making mechamsm consist of two cylindem, one Inside the other (see figure 13) The 
space between the two cylinders is the evaporator. The inside is the freezing section 
Where the ice is formed. The cylinder ia approximately the size of a 1-lb coffee can 
installed in a upright position. 



EVAPORATOR 
AUOCR 




Figure 13. Icemaking Section (Top View) 

Water drains by gravity from the sump tank Into the inner cylinder. The water 
level in the inner cylinder is determined by the level and position of the sump tank. The 
evaporator freezes a thin sheet of ice on the Inner cycllnder surface (wall). The auger 
IS turned very slowly by a motor and gearbox. As the auger turns it scrapes the lee off 
the Inner cylinder wall (evaporator surface) and pushes the Ice up to the top and out Into 
the storage bin thru an ice chute. (See figure 14). 

On some types of auger machines, the water is pumped up to the top and allowed to 
flow down the sides of the inner cylinder. The cold inner surface (evaporator) freezes 
part of the water flowing down the Inside of the cyUnder into a thin sheet of Ice. The 
action of the auger In this machine Is the same as the flooded evaporator's operation. 

Ice Cube Makers. Ice cube machines make all different sizes and shapes of Ice 
cubes. They are sometimes referred to by the shape of the Ice they make. The refrig- 
eration system Is the same as any other system. All Ice cube makers have a water 
system and a harvest cycle. 

The harvest cycle is when the Ice Is being melted from the molds. There are two 
methods used, hot water and hot gas. 

The most common maintenance problems are in the water system; water pump 
makeup water leaking into sump tank, scale and dirt. 
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t i^re 14. Auger Ice Flake Machine 

Operation of an Ice Cube Maker (Fig. 15). Water enters the machine through the 
makeup water line. When the water level builds up in the sump tank a float valve shuts 
the water off. Water flows from the sump tank to the pump, water flow switch, into the 
inner tube of the evaporator and back to the sump tank. The water continues to circu- 
late through this path as the water freezes to the walls of the inner tube. Water con* 
tinues to flow through the center of the ice. As the opening through the center of the ice 
gets smaller the amount of water flow will decrease and the water pressure will increase. 
The increase in water pressure causes the bypass regulator to open, bypassing water 
into the pump suction. The decrease in waterfbw is sensed by the waterflow switch and 
the increase in water pressure is sensed by the water pressure switch. Either of these 
switches will complete a circuit to the hot gas solenoid valve causing the valve to open, 
establishing the harvest cycle. The discharge gas now passes through the hot gas by- 
pass line into the evaporator coil causing the ice to melt from the coil. 

The hot gas increases the suction pressure causing the two-speed motor control 
to energize the high-speed winding in the water pump motor. This increases the pump 
output. The increased water pressure forces the ice out of the evaporator. As the ice 
leaves the tube the water pressure decreases and the waterflow increases causing the 
water pressure switch and waterflow switch to open their contacts. When the switches 
open the hot gas solenoid valve closes ending the harvest cycle. The suction pressure 
will now decrease causing the two-speed motor control to deenergize the high-speed and 
energize the low -speed on the water pump motor. 
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MAKE UP WATER 
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PUMP MOTOR 
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Figure 15. Ice Cube Machine 
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Maintenance. Ice is a food product; therefore, it is highly important that the ice- 
maJcing equipment be kept clean. Do not use strong {hydrochloric or sulphuric) acid to 
clean the ice making area. There are several commercial ice maker cleaners on the 
market. Moat of these cleaners contain citric or acetic acid. It is possible to mix your 
own acid, but it is much better to procure a prepared mixture and follow the directions 
on the package. This will ebminate the possibility of contaminating the ice with acid. 

SUMMARY 

The commercial refrigeration field is so large that it is impossible to cover the 
exact service and maintenance procedures for each model and type of equipment How- 
ever If you will follow the procedures covered here and apply a little ingenuity you 
will have very little trouble servicing any type or model of refrigeration equipment 
When working on hermetic systems such as water coolers, you will have to use the 
special tools and equipment covered when you were working with domestic boxes. 

The service of refrigeration equipment can be divided into major parts: trouble- 
shooting and repair. Of these major parts, troubleshooting is usually the most difficult 
time-consuming, and exacting. 

Occasionally, the cause of a trouble can be determined immediately however it 
is still a good policy to check and test each component in the system before makinir a 
final judgment. Often you will find that an obvious malfunction is in reality a svmptom 
and not the trouble. If a compressor cuts out on the thermal overload, do not change 
the overload until you are very sure the trouble is not somewhere else. In this case 
the trouble will probably be in the compressor and not the overload. 

QUESTIONS 

1 Name the three major areas of refrigeration. 

2 E.xplain the scope of the 

a. Domestic area 

b. Commercial area 

c. Industrial area 

3. Name the two types of walk-in boxes. 

4. List eight characteristics of good insulation materials. 

5. List three common insulation materials. 

6. Name the four sources of heat in a walk-in box. 

7. Why must the motor protection on a three-phase motor be located in the 
control circuit instead of the power circuit. 

8. Explain the principle of operation of the water defrost system. 
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9. Explain the principles of operation of the hot ga* defrost system. 

10. ExpUin the principles of operation of the electric defrost system. 

1 1 . Name the three types of defrost timers. 

12. Which one of these three timers is not used with the hot gas defrost system 

13. Name three locations where water coolers are normally located. 

14. Name two types of water coolers. 

15. Explain the location and advantage of remote water coolers. 

16. Explain the difference between instantaneous and storage water coolers. 

17. Give one advantage and one disadvantage of: 

a. Instantaneous water coolers 

b. Storage water coolers 

18. List and explain the types and functions of the major components of water 

0 O 0 1 6 ITS • 

19. What IS the recommended drinlcing water temperature for office workers ' 

20. What IS the recommended drinlcing water temperature for outside workers ^ 

33' 
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21. Explain the reason for the balancing valve in an office drinking water system. 

22. Explain one advantage and one disadvantage of open- and closed -type display 
cases. 

23. Explain why closed-type display cases must be shipped bv surface carrier or 
low-altitude aircraft only. 

24. E.xplain the ditference between single-duty and double-duty display cases. 

25. What IS the most widely used commercial refrigeration unif^ 

26. How many hp Condensing Unit should an 18-cu ft reach -in use for a temoerature 
of 38°. ^ 

27. At what temperature should bulk ice cream be stored'^ 

28 At what temperature should packaged ice cream be stored ^ 

2 9. List one advantage and one disadvantage of upright frozen food boxes. 

30. List three things to be considered when installing commercial refrigeration 
units. 

31. Why should the condensing unit be placed in an equipment room instead of out- 
doors 

32. What IS the purpose of a dual suction riser'? 
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33. What is the main purpoae of keeping refrigeration tubing sealed? 

34. List the installation procedures for commercial units. 

35. Name the two types of motor controls used in commercial refrigeration. 

36. List the types of ice machines. 

37. Name the sections of an ice cube machine. 

38. Name the methods of harvesting used on ice machines. 

39. What IS used to clean the ice maJting section of an ice machine? 
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Dept of Civil Engineering Tng WB 3ABR54530-V-2-P1 

Sheppard AFB, Twais 21 January 1975 

MAINTENANCE AND TROUBLESHOOTING WALK-IN BOXES 

OBJECTIVE 

To learn to perform maintenance on walk -In refrigerators. 
INSTRUCTIONS 

Familiarize yourself with the walk -in refrigerator you are assigned to by filling 
in the blank spaces below, then complete the necessary maintenance on the refrigerator. 

FAMILIARIZATION 

1. Type and pwrpose of refrigerator 

a. Type 



b. Purpose 



2. Type and manufacturer of compressor 
a. Type 



b. Manufacturer 



3. Type of refrigerant 



4. Motor operates on volts ^phase. 

5. Type of condenser 



6. Type of evaporator 



7. Type of metering device 

Procedure 

Accomplish all preoperational checks listed on the next page prior to operation of 
the trainer (Walk -in) and observe the listed procedures closely during all operations. 

PREOPERATIONAL CHECK 

1. Electrical wiring for loose or broken wires 

2. Conduit for secure mounting and possible rubbing 

3. Compressor discharge, suction valves, and king valve for proper 
positlomng 

4^ High pressure cutoff switch for proper setting 

1 
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5, Motor control for proper setting 

6, All fana for freedom of rotation 

7, Check for obetniction (rags, tools, etc). 

8, Check power supply for proper voltage and phase. 

9, Check wiring connections at line starter, disconnect, etc 
NOTE: When applicable, perform steps 10 and 11. 

10. CorKlenser water drain valve in closed position 

11. Condenser water supply valve in condenser sump 

12. Check condenser for cleanliness (clean as required). 

13. Check evaporator coils for bent fins, dirt, and evidence of nibbing. 

14. Check the evaporator supports, casing, and drain pan for dirt or rust (Clean 
if necessary). 

OPERATIONAL SAFETY CHECK 

1. Remove all rings, watches, or Jewelry 
NOTE: Perform step 2 when applicable 

2. Set defrost timer out of defrost position 

3. Set main power switch to on position 

4. Check oil level (sight glass) after unit starts and again after 30 minutes of 
operation 

5. Install manifold gage assembly. 

6. Check refrigerant charge. (Charge if necessary) 

7. Observe the operation of the expansion valve 

8. Ls the evaporator completely active? 



9. Observe mechanical equipment for normal operation, 
10. Record the pressures: High aide Low side 



11, Investigate any unusual noises or vibrations. (Make repairs as necessary) 

2 3 ^ 
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12. Safety: Do not adjust, clean, or lubricate parta which are in motion 

13. Start at the receiver and trace the flow of refrigerant through the system 

14. Check tJie condition of the door seal, (repair or replace if necessary) 
POSTOPERATIONAL CHECK (shutdown) 

NOTE- Perform step 1 and 2 when applicable 

1. Rotate defrost timer to the defrost position 

2. Wait until the unit pumps down and shuts off on low pressure control 

3. Set main power disconnect switch to off position 

4. Remove manifold gage assembly 

5. Have the instructor check your work 

Checked by 

Instructor 



3 



3i7 



WB 3ABR54530-V-2-P2 
WALK-IN FREEZER ELECTRICAL SYSTEM 

OBJECTIVE: 

To be able to troubleahoot a wmlk-ln refrigermtor ualng an electrical diagram. 

1. Using the electrical dUgram (Figure 1), complete the following: 

2. What is the purpoae of the fualte 



3. What IS the purpose of the protector 



4. In the line starter the letters OL stand for 



5. The purpose of an OL switch is 



6. The load terminals in the line starter are labeled 



and 



7. The power terminals in the line starter are labeled 
and 

8. The main power terminals in the defrost timer are and 

9. If the power company furnishes 230v to the disconnect switch, the voltage at 
terminals 3 and X in the defrost timer will be 



10. The path for current flow to the defrost heaters will be completed through 
terminals ^ 2jk1 

11. When the defrost heaters are energized, what happens to the evaporator fans' 



12. The defrost cycle can be terminated by or 
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13. The single-pole double -throw thermostat controls and 

14. ExpUin how the unit cycles off when the contacts in the temperature control open 



15. On an evaporative cooled condenser, what controls the head 



pressure 



16. Does the water pump cycle? 

17. Why*^ 



18. The coil in the Une starter will not energize. List the possibilities that could 
cause this trouble. 



19. The meter reads 230V at terminals 1 and 2 on the solenoid valve, but the valve 
will not energize. Why? 



20. Evaporator fan number 2 is running, but number 1 is not. Why? 



Checked by 



Instructor 
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Figure 1. Walk-In Freezer Electrical System 
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WB 3ABR54530-V-2-P3 

WATER COOLER MAINTENANCE 



OBJECTIVE: 



To be able to locate, identify and give purpose of the major components of water 
coolers; to trace the flow of water, refrigerant and electrical current through the 
system: and to troubleshoot and make necessary adjustments. 

1. Go to the oiUway water cooler and locate the following items: 

a. Water inlet connection 

b. Compressor 

c. Suction line 

d. Evaporator 

e. Refrigerant control 

f. Water tank 

g. Bubbler 

h. Water-to-water heat exchanger 
u Waste water connection 

J. Condenser 

k. Condenser motor and fan 

1. Thermostat 

2. Trace the flow of water, refrigerant and electrical current through the system. 

3. Go to a bubbler type water cooler and complete the following. 

a. Remove the front panels. 

b. What type of compressor is used? 
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c. What type of starting relay is used'? 

d. Does this unit have a freezestat? 

e. What type of condenser is used? 



Go to the water cooler assigned to you and complete the following maintenance and 
service procedures. 

CAUTION: Unplug the service cord before cleaning the unit. 

a. Check condensing unit for cleanliness. Wipe the entire condensing unit with a 
clean rag. ^ 

b. Plug In service cord and allow unit to operate until it cuts out on the thermo- 
static motor control. 

c. Check temperature of cooled water by pUcing a hand thermometer in the outlet 
water stream for about 30 to 40 seconds. 

NOTE: The desired temperature of cooled water is 50° to 55°F. 

d. If Oie water temperature is not between 50^ to 55^F. remove the front cover 
and adjust the thermostat to maintain t^ie desired temperature. 

e. Check bubbler adjustment and readjust if necessary. 

NOTE: Water stream should strike dralnboard about 1 Inch from drain ouUet 

f. Check all waterline connections and refrigerant line connections for leakB. 
Make repairs if necessary. 

g. To back- flush water storage tank, ob«erv« the following procedures: 

(1) Turn off water. 

(2) Remove inlet water line from inlet ccamectlon. 

(3) Connect inlet water line to remote connection. 

NOTE: If there is no remote connection, you must remove the bubbler and 
connect the inlet water to the bubbler connection. 

(4) Place bucket under inlet to catch waste water. 

(5) Turn on water and flush tank. 

(6) Replace all lines to their orlgiial position. 
1. Operate the unit and check for normal operation. 



Checked by 

Instructor 
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Complete the wiring diagram of a water cooler. 




Figure 2 
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REPAIR AND MAINTENANCE OF REACH-IN BOXES, DISPLAY CASES 
AND ICE CREAM CABINETS 

OBJECTIVE: 

To locate and identify the major componenta of commercUl unit3, and opemte and 
maintain commercial units. 

NOTE TO INSTRUCTOR: Divide the claaa into three froupe and have the students 
work on each item in rotation. 

REACH-EN 

1. Locate and give the main purpose of each of the foUowing components: 

a. Compressor 

b. Condenser 

c. Receiver 

d. Sight glass 

e. Expansion valve 

f. Evaporator 

g. Starting relay 

h. Thermostat 

2. Name three places where reach-in boxes are used, 
a. 

b. 
c. 

3. Type and make of condensing unit 

a. Type 

b. Manufacturer 
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4. Type of refrigerant 



5. Type of refrigerant control 

6. Type of starting relay 



7. Does this unit require a starting capacitor? 



8. Trace the flow of the refrigerant and air through the system. 

9. Check the condition of all door seals. 

10. Check for correct adjustment of door latches and hinges. Readjust if necessary. 
DISPLAY CASES AJ^D ICE CREAM CABINETS 

1. Go to the display c.se or ice cream cabinet and complete the following. 

2. Locate and ^ive the main purpose of each of the following components: 

a. Compressor 

b. Condenser 

c. Receiver 

d. Drier 



e. Sight glass 

f. Evaporator 



g. Expansion valve 

h. Evaporator fan 



I. Action line filter 
J. Starting relay 



Trace the flow of the refrigerant and air through the system. 

Check all fans for freedom of rotation; clean the blades if necessary. 

Check the condenser and clean if necessary. 
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6. List the tour things muM chsck wton replacing a condenser fan motor. 

a. 

b. 

c. 

d. 

7. The average box temperature shouid be 

Procedures: 

AccompUsh all preoperaUonal checks Usted below prior to operaUon of the tramers 
and observe the listed procedures closely during all operations. 

PREOPERATIONAL CHECKLIST 

1 . Remove all Jewelry before working on trainers. 

2. Main power supply off (if reach-in box, unplug cord) . 

3 . If working on ice cream cabinet » pull out the conderising unit and check for frayed 
wiring and loose connections. 

4. If working on reach-in box, remove condensing unU cover and check for frayed 
wiring and loose connections. 

5. Check tubing for indications of leaks. 

6. Check condenser and evaporator tans for freedom of rotation. 

7. Check condenser and evaporator fin condition. Check compressor oil level 
(dispUry case). 

OPERATIONAL and SAFETY CHECKLIST 

1. Wear goggles and install gages. 

2. Gage service valves. 

3 . Plug In the power cord or turn power supply on and operate the unit. 

4. Record gage readings: A. High B. Low 

5. Check refrigerant charge. Charge the unit if necessary. 

8. Ob*u»rve the operation of the unit. 
7. Do not lay too la on the floor. 
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POSTOPERATIONAL ClfECK 

1. Unplug the power cord or turn power supply off. 

2. Back seat service valves. 

3. Remove manifold gages. 

4. Push the condensmg unit back m place if ice cream cabinet. 
Replace condensmg unit cover if reach- in refrigerator. 
Clean up the area and replace tools. 
Have the instructor check your work. 

Checkea by 



Instructor 

DISPLAY CASE ELECTOICAL SYSTEM 
Draw hnes to .omplete the electrical diagram of the display case electrical system. 



CONOINSIR FAN 
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INSTALLATION OF COMMERCL\L UNITS 

List the steps for Installing commercial refrigeration units in the spaces below. 
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WB 3ABR54530-V-2-P6 
ADJUCTING MOTOR CONTROLS ON COMMERCIAL REFRIGERATION UNITS 
OBJECTIVE: 

clal i^'frt.e^tt^n ^It"^ ""'"^ '° ^ temperature in a commer- 

NOTE: There are several different manufacturers producing both pressure «nrt 
I'^a^n^^.u °" "^rtous types of commercS^l^*rt. 

manulacturer s controla. you can figure out any of the others very easily. 
PROBLEMS: 

hnr ^! ^° maintain a temperature of 15° to 25° in a walk-in 

box (assume an evaporator T. D. of 10° unless otherwise stated). 

1. Draw a condition chart as illustrated in Figure 4. 



1 


Box Tezi.^ 




Evap Temp 


Action Pressure 


Cut-in 








Cut-out 









Figure 4. Condition Chart 

^^JFi.yf'^ e^Porator temperature and box temperature will be the 

same (the evaporator fan continues to ope^te and the comp«ssor !s^ff) 

3. Place 25° under evaporator temperature. 

y'^^: evaporator temperature is 10° less than the box temoenihire 
This IS due to the fact that we are using a 10° T. D. evaporator. temperature. 

4. Place 5° under evaporator temperature. 

5. Use your pressure -temperature relationship chart and bok up the refri<renLM 
.R-12) pressures for 25° and 5°. m thi. case, it is 24. 6 and U. 7. r^s^cTvely. 



6. 
7. 



Place 24. 6 and 11. 7 in the condition chart. 

Subtract 11. 7 from 24. 6; this gives you the pressure differential. It is 12. 9. 



15 



ERIC 



'^59 



NOTE: Up to this time, w« have not coaiidered the type or manufacturer of the 
motor control being uee<L With the Information available in the condition chart, 
we can adjust any type of motor control to maintain the required temperatures. 

Fill In the blanks for the following comrols. 



PENN 





Box Temp 


Evap Temp 


Suction Pressure 


Cut-in 








Cut-out 








RANCO 




Box Temp 


Evap Temp 


Suction Pressure 


Cut-in 








Differential 









Have the infltructor check your work. 



Checked by 

Instructor 
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WB 3ABR54530-V-2.P7 
FAMILIARIZATION AND OPERATION OF ICEMAKERS 

OBJECTIVE: 

To be able to locate and identify the major components and state principles of 
operation of the icemaker. 

1. Turn the icemaker off. 

2. Remove the top and access panels. 

3. Locate and identify the follou^ng components* 
St. Compressor 

b. Oil separator 

c. Condenser 

d. Condenser fan 

e. Receiver 

^- Hot g:as solenoid valve 

g. Liquid line 

h. Expansion valve 
1' Evaporator 

J. Icebreaker fingers 

k. Suction line 

1. Water reservoir 

n^* Water pressure switch 

n. Waterflow switch 

o. Two-speed motor control 

p. Low-pressure safety control 

q. Water pump 

r. On-off switch 
s. Drain line 

17 
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^ Float vtlve 
u. Fresh water strainer 
V. Waterline 
^* Bin thermostat 

4. Explain the main purpose of each of the above components. 

5. Start at the water strainer and trace the flow of the water through the system 
during the freezing and harvest cycle. 

6. Start at the compressor and trace the flow of the refrigerant through the system 
during the freezing cycle. 

Start at the compressor and trace the flow of the refrigerant during the harvest 
cycle. 



7. 
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Procedure: 

AccompUsh all preoperational checks Usted below prior to operation of the 
trainers and observe the listed procedures closely during all operations. 

PREOPERATIONAL CHECKS: 

1. Remove all Jewelry prior to working on trainer 

2. Breaker switch in off position 

3. Master switch in off position 

4. Check for frayed or loose wiring 

5. Check tubing for evidence of leaks 

6. Check condenser fin condition 

7. Check condenser fan for freedom ol rotation. 
OPERATIONAL and SAFETY CHECK: 

1. Wear goggles to Install gages 

2. Gage service valves 

3. DO NOT LAY TOOLS ON FLOOR 3 "9 2 

4. Breaker switch on 

5. Master switch on 

6. Observe pressures during freezing cycle 

18 



7. Record the pressures just before the harvest cycle begins: 

(a) High side 

(b) Low side 

8. Record the pressures at end of harvest cycle 
POSTOPERATIONAL CHECK (shutdown) 

1. Breaker switch off 

2. Back seat service valves 

3. Remove manifold gage assembly 

4. Replace all panels 

5. Breaker switch off 

Checked by 

(Instructor) 
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